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THE PRESERVATION OF BLOOD FOR CHEMICAL 
ANALYSIS. 

Bt F. V. SANDER. 

{From the Chemical Reeearch Department, Wisconsin Psychiatric Institute, 

Mendota.) 

(Received for publication, July 5, 1923.) 

This study has been made for the purpose of preserving those 
chemical constituents which are usually determined in a routine 
analysis of blood for clinical purposes, so that an immediate 
analysis is not necessary and blood samples may be kept under 
In Experiment 2 in which sodium sulfate was the salt under Dr. 
investigation results of a somewhat different nature were ob- ja of 
tained. In the case of the sulfate radical a maximum increase of ’ for 
70.9 mg. per 100 cc. of scrum (an increase of about 2,480 per lians 
cent) was found after an absorption period of 210 minutes; and ents 
of 27 mg. per 100 cc. of whole blood (1,350 per cent increase) n in 
during the same time, while the sodium content of the serum in- suits 
creased from 310 to 338 mg. (9 percent) and the sodium content was 
of whole blood from 210 to 218 mg (0.9 per cent). 

A review of the literature shows that but little work has been 
reported on the preservation of blood for chemical analysis. 
Denis and Aldrich (1) report that formaldehyde is an excellent 
preservative for sugar and give data which show that blood 
sugar remains constant for at least 96 hours. Oppenheimer (2) 
has been able to preserve blood from slaughtered animals for 
5 to 6 days with sodium acid sulfite. Salkowski (3) was able 
to preserve blood for about 5 days with large concentrations of 
boric acid and salicyhc acid, formaldehyde, and with allyl alcohol 
in concentrations of 0.5 to 0.6 jftr cent (4). No analysis of the 
chemical constituents was made by these workers, since they were 
interested only in preserving blood for food purposes. 

Falk, Baumann, and McGuire (5) have report studies made 
on the chemistry of spoiled meat which would seem to indicate 
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Preservation of Blood for Analysis 

that the substances investigated were remarkletbly constant for 
some time. They found that unpreserved meat kept for 10 to 11 
days at 5-15°C. showed a very decided increase in ammonia 
content, and that if the ammonia was first removed or a correction 
made for the ammonia value, the non-protein nitrogen, creatine, 
creatinine, and purine nitrogen remained practically unchanged. 
These authors also found that many of the common bacteria, 
studied individually, had no effect on the creatine, creatinine, 
purine nitrogen, or non-protein nitrogen, when correction was 
made for ammonia content. 

That at least some of the constituents are very constant in 
blood is indicated by the fact that in our serological department 
whole blood kept under ordinary sterile conditions in midsummer 
without the addition of any preservative or chemical substance 
has been found to give a perfectly reliable correct Wassermann 
reaction after 10 days standing at ordinary temperatures. Jn 
the present study the possibility of bacterial action, autolysis or 
heterolysis, and chemical changes, has been constantly kept in 
mind. The substance used as a preservative should cause no 
interference with, nor chemical changes in, the reagents used in 
the various tests; should not be alkaline or cause the blood to 
become more alkaline in reaction since each of the determined 
constituents is more labile even in slightly alkaline solutions; 
should not combine with any element of the blood, and thus be 
removed from active solution. Such substances as chloroform, 
phenol, sodium sulfite, sodium cyanide, and copper and mercuric 
salts, were given little consideration. 

EXPERIMENTAL. 

The system of blood analysis, as outlined by Folin and Wu 
(6), was used in all tests at first, and later the method of Benedict 
for uric acid was substituted for the uric acid method of Folin 
and Denis. 

All precipitations of proteins were made with sodium tungstate 
and sulfuric acid. Tests made upon blood of high nitrogen con- 
tent, and even bloods which had stood for at least 2 weeks with and 
without the addition of preservatives gave practically the same 
non-protein nitrogen content when precipitation was made by the 
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above method, or with 25 per cfent w»-phosphoric acid, or with 
10 per cent trichloroacetic acid, or with alumina cream (7). 

The urease method was used in all determinations of urea, and 
at first the ammonia w4s removed by distillation, but later the 
aeration process was used. Air was drawn through a train of 
wash bottles before entering the aeration apparatus. Suction 
was employed, rather than pressure, since any slight leak would 
not tend to cause loss of ammonia, as would be the case if a blast 
of air was used for aeration. 15 minutes aeration are* usually 
recommended, yet in solutions of pure urea 30 to 40 minutes 
aeration were found necessary. In all determinations, therefore, 
1 hour was always allowed for the aeration of ammonia. Fre- 
quent comparisons were made of . the aeration method with 
the distillation method for the recovery of ammonia and very 
comparable results were obtained, ^in the latter part of the work 
the urea determination was made with whole blood rather than 
with blood filtrate. 

The method of Folin and Denis (8) for uric acid was used at 
first, but was soon replaced by the method of Benedict (9) for 
uric acid, since a larger number of analyses could be made in the 
same time and the results were equally as satisfactory. In both 
methods a precipitate appeared at times before color comparisons 
could be made. This was noticed especially in those bloods 
which were kept for more than 10 days before analysis. As a 
rule, the uric acid in six to eight blood filtrates was determined 
at the same time, and in case a precipitate appeared in any tube 
before a reading could be made, then that determination was 
repeated separately. 

For creatine and creatinine determinations the methods as 
outlined by Folin and Wu (6) were used, and all the picric acid 
was recrystallized several times (10), and conformed to the 
standards of purity given by Folin and Doisy (11). 

For the sugar determination the method of Folin and Wu (12) 
was used throughout, because o^the ease with which many sam- 
ples could be analyzed simultaneously and because it was felt 
that, in principle at least, this method gave a more correct value 
for sugar than any other method (13, 14). 

The blood used in all this work was drawn from patients in 
the mornings after breakfast, in order to obtain high values for 
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all the substances investigated. Immediate analysis of the 
blood obtained was made, in all series of determinations, as a 
control. In most of the work which required more than 15 cc. 
of blood, the blood from several patients was drawn, well mixed, 
and an analysis made in duplicate on the mixed blood. 

The work was divided into three main divisions. (1) Blood was 
drawn under aseptic conditions and a measured amount placed 
into sterile bottles which contained known amounts of the sub- 
stance under investigation as a preservative. Practically every 
substance commonly used as a preservative was used in this 
preliminary trial. The stoppered bottles of blood were allowed 
to stand for 6 days at room temperature and an analysis was 
made. This preliminary investigation of common preservatives 
was made four times and where any preservative investigated 
seemed to maintain any of the constituents reasonably constant, 
it was used as outlined in the following step. (2) Blood was 
drawn under aseptic conditions, well mixed, and 5 cc. were placed 
in a series of sterile bottles which contained a known amount of 
the preservative that had given even fair results under the con- 
dition as outlined in the first step. As a rule six to nine bottles 
constituted a series and each bottle contained exactly 5 cc. of 
blood and the same amount of the same preserv'ative. Each 
day a bottle was chosen at random from the series, the blood 
diluted, and the blood proteins were precipitated in that bottle. 
At times varying concentrations of the preserving material were 
used and' the results of each series of determinations were dupb'- 
cated at least four times before a possible preservative was re- 
jected or retained for further study. (3) 50 to 100 cc. of mixed 
blood were put into non-sterile bottles which contained those 
preservatives chosen from Tests (1) and (2) above. These bloods 
were allowed to stand for several hours exposed to the air before 
the bottle was stoppered. Each day 5 cc. of blood were drawn 
from each bottle and an analysis was made. The time of com- 
plete hemolysis was noted as closely as daily observation per- 
mitted, and some of the last portions of blood were kept imder 
laboratory conditions for months or until the blood had become 
badly decomposed, and putrefaction was shown by the presence 
of large quantities of ammonia. 
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This same procedure, as outlined in the third step, was later 
followed, with those preservatives which were finally thought 
to preserve effectively the constituents investigated, upon (a) 
normal bloods, (b) bloods to which known amounts of urea, uric 
acid, creatinine, creatine, and sugar had been added, and(c) 
pathological bloods. Some of these later series were kept in the 
laboratory at temperatures of 1&~29®C. and some series in the 
incubator at 37-39°C. Most of the results of these studies on 
the preservation of the pathological specimens of blood will be 
reported in a separate clinical paper. It is sufficient to state 
that the results obtained with pathological bloods approximate 
very closely in all respects the results shown in the cases given 
below and the results shown in * ‘loaded bloods.’^ 

No preserving substance could be found which, when used 
alone, would preserve a sample of ^ood for 4 or 5 days and main- 
tain the values for all the investigated substances unchanged. 
In general, metallic salts, in concentrations up to 1.5 per cent 
were found to have little effect in preserving sugar, urea, and 
uric acid. Alkaline substances, such as sodium cyanide, caused 
complete disappearance of sugar, urea, and uric acid in a very 
few hours. Such substances as benzoic acid, boric acid, zinc 
chloride, etc., in concentrations up to 2 per cent did not prevent 
loss of sugar in the first 2 days, nor inhibit a steady rise in non- 
protein nitrogen value. Substances such as ether, lysol, phenol, 
benzene, toluene, acetone, etc., were found to be very ineffective 
as a preservative, especially with sugar and non-protein nitro- 
gen. Many substances, such as chloroform and acriflavine, gave 
such interference with the color determinations that other" 
methods of analysis were used. Formaldehyde gave^arying 
results when used alone as a preservative or in combination 
with other substances. A very decided increase in sugar values 
was frequently noted within the first few days, and at times the 
sugar value became zero within 48 hours. In practically all 
cases where formaldehyde was used as a preservative, after 5 to 6 
days the value for sugar had become zero or so low that the 
values were unreliable when compared to the control values. 
This was noticed especially in bloods of very high sugar content. 

In general, for all preservatives tried, it was found that when 
a single substance was used; ‘*^|^jion-protein 
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nitrogen content increased rapidly and continuously. The value 
for urea, after the blood had stood for 6 days, could only be de- 
termined after removal of ammonia with permutit, or by evaporat- 
ing the blood filtrate to small volume after it had been made 
alkaline to phenolphthalein with sodium carbonate. The am- 
monia was generally removed by permutit extraction before the 
urea was determined. The value for urea in 6 days was generally 
very much lower than the control, and in many cases was zero. 

The uric acid content remained remarkably constant in most 
cases where any preserving action was evident for at least 4 days 
and gradually disappeared in 6 to 10 days. 

The creatinine and creatine values were very constant through- 
out all the work, and even in unpreserved blood, kept for 6 days, 
the values for these substances were practically the same as the 
values of the controls. No case was found in all the work where 
a complete absence of these substances was indicated; that is, 
where the sample of blood filtrate, treated with alkaline picrate, 
gave the same colorimetric readings as the alkaline picrate of 
the same dilution. Creatine and creatinine are remarkably 
stable compounds or their decomposition products have the same 
quantitative color production as the original substances. This 
same stability of creatine and creatinine has been observed by 
Falk, Baumann, and McGuire (5) in muscle tissue which had 
been kept for 10 days and had decomposed to some extent. 

The value for sugar in the blood is usually regarded as the 
most labile substance of the blood. It was felt that any 
preservative which did not maintain the value for sugar un- 
changed for at least 10 days could not be considered as a good 
general preservative for blood. More importance was, therefore, 
attached to the sugar content throughout this series of experi- 
ments than to any other single constituent. 

In summing up the preliminary work, as outlined in Steps (1) 
and (2), it was found that no single preserving substance could 
be relied upon to maintain unchanged the values for non-protein 
nitrogen, urea, uric acid, and sugar for a period of 48 hours; 
creatinine and creatine remained constant for sevreal days in un- 
preserved blood and in blood containing many of the common 
preservatives. 
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An attempt was then made to combine two or more of the 
preservatives which had seemed most efficient. In all the pre- 
liminary work sodium or potassium oxalate was used to pre- 
vent the clotting of blood, but early in the work when calcium, 
barium, and strontium salts were used for preservation, sodium 
fluoride was used as an anticoagulant. Several series of exper- 
iments were made to study the changes caused by decomposition 
and putrefaction of the blood in the presence of sodium fluoride, 
as had been done with oxalated blood. Several samples of blood 
in a series of eight bloods, kept in sterile bottles for 6 days, showed 
excellent preservation of sugar, uric acid, creatinine, and creatine. 
When the same experiment was repeated but one blood sample 
in the series of eight gave values approximating those of the 
controls. The concentration of sodium fluoride was 0.02 gm. 
for 10 cc. of blood and when this conoipSntration was increased to 
0.1 gm. for 10 cc. of blood the sugar content in four of the bloods 
was the same as that of the controls, and in four of the bloods the 
content was zero. The urea content remained unchanged in 
several of the bloods. It was thought that in those cases where 
little preservation of the blood was indicated sterile condi- 
tions had not been maintained and (a) the loss of constituents 
was due to bacteria, yeasts, molds, etc., or (6) the increase of 
alkalinity due to putrefaction made the constituents more labile. 
Later work would seem to indicate that the second assumption 
was incorrect, for when sodium fluoride was used in combination 
with organic and mineral acids, no better results were obtained 
than with sodium fluoride alone. 

Since sodium fluoride gave better results in preserving blood 
specimens than any other single substance used, combinations of 
sodium fluoride and many other substances were tried. After 
many preliminary trials a combination of sodium fluoride and 
thymol was found to give most satisfactory results. Sodium 
fluoride or thymol alone will not preserve those blood constit- 
uents investigated for a period of 5 to 6 days, while a combina- 
tion of sodium fluoride and thymol is apparently very efficient. 

Sodium fluoride and thymol have but little effect upon the 
reagents used in each analysis and cause no interference with 
methods. Sodium fluoride and thymol were used in concentra- 
tions ten times that recommended for preserving blood samples 
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and no interference with methods was found. A large concen- 
tration of thymol produces a slightly deeper blue color in a water 
blank test with Benedict's uric acid reagents, but this apparently 
does not alter the values for uric acid as shown later in normal 
blood, 'loaded blood," and pathological blood specimens when 
compared to the same bloods drawn into sodium oxalate. The 
hydrofluoric acid released in the non-protein nitrogen determina- 
tion does not affect the test-tubes, and some of the P^rex test-tubes 
which have been used hundreds of times show no traces of hydro- 
fluoric acid etching. Sodium fluoride as purchased was free 
from ammonia and 1 gm. treated with 5 cc. of Nessler's solution 
gave no color. 

A series of determinations was made to determine the opti- 
mum concentration of sodium fluoride and thymol for the pres- 
ervation of blood samples. It was found that if 0.01 gm. of 
sodium fluoride and 0.001 gm of thymol was used for each culuc 
centimeter of blood, a sample of blood could be kept for at 
least 10 days before analysis. The value for sugar, uric acid, 
creatine, and creatinine remained constant, while the non-protein 
nitrogen and urea value increased slightly. Gad-Andresen (15) 
states that in muscle, usually within 4 to 5 hours, all the urea is 
transfonned into ammonia, while Medwedew (16) showed that 
oxalated blood kept under aseptic conditions for 24 hours showed 
very decided increases in ammonia content. That the increase 
in non-protem nitrogen value was not due to ammonia from the 
decomposition of urea, was indicated by the fact that when 
ammonia was removed from blood filtrate by permutit extraction, 
the urea value was decreased but slightly. The amino-acid 
content of preserved bloods was then studied in an effort to 
account for this steady rise in non-protein nitrogen value and 
the recent method of Fohn (17) for amino-acid in blood was 
used. When the blood filtrate was extracted with permutit 
the amino-acid value remained almost constant for 10 days, 
and showed but a slight increase. 

When the above concentration of sodium fluoride and thymol 
was used, the bright red color of well shaken, freshly drawn 
blood was maintained for at least 6 days, and frequently for 10 
to 14 days. When carefully drawm and preserved, a straw- 
colored serum was obtained, after the blood had been centri- 
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The above results are expressed in mg. per 100 cc of blood. Non-protein nitrogen and urea values are uncorrected for 
ammonia content. 



TABLE II 

Average results of 50 determinations Concentration of sodium fluoride *0 01 gm per 1 cc. of blood Concentration of 
thymol 0 001 gm per 1 cc. of blood Non-protein nitrogen and urea values are uncorrected for ammonia content. Results 
expressed as mg per 100 cc of blood 
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Preservation of Blood for Analysis 


fuged, after 4 to 6 days. Frequently, this serum had a faint pink 
color, indicating slight hemolysis. Concentrations of sodium 
fluoride and thymol above those recommended were apparently 
not necessary for preservation of blood, but in no way interfered 
with the analysis. The blood was hemolyzed in much less time 
with higher concentrations of the preserving materials, and fre- 
quently the blood assumed a jelly-like appearance, but con- 
stant values were obtained for those substances investigated. 

Table I gives the average results from eight series of deter- 
minations, A comparison of the oxalated blood with that of 
blood treated with sodium fluoride shows that the non-protein 
nitrogen values do not increase as rapidly as in the oxalated 
blood, and the disappearance of sugar is delayed for several 
days. Thymol seems to have as little preserving value as sodium 
oxalate. 

From Table II it is apparent that the non-protein nitrogen 
and urea values rise more rapidly when preserved blood was 
kept at 37° than at ordinary laboratory temperatures. The 
uric acid value remained constant for at least 10 days, while at 
the end of 2 weeks creatinine, creatine, and sugar values showed 
no depreciation at all. The blood had been exposed to the air 
in non-sterile bottles and the results of each series of analyses 
were duplicated many times. 

The cases in Table III are shown because of the high values of 
the nitrogenous constituents. A day by day analysis was not 
possible since only a relatively small quantity of blood was ob- 
tained in each case. It will be seen that the determinations for 
non-protein nitiogen and urea show much larger individual 
vaiiations than in the former tables. Even in deterimnations 
where the blood filtrates were diluted so that the pathological 
constituents had about the same concentrations as in normal 
bloods, still duplicate analyses showed no better individual 
agreement. The analysis, however, seems to show a gradual 
rise in the non-protein nitrogen and urea values, as already in- 
dicated in normal and ''loaded blood.” It may be concluded 
that even after 10 days standing an analysis of the blood would 
have the same clinical significance as an analysis made soon 
after the blood was drawn. 
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protein nitrogen and urea values are uncorrected for ammonia content. 
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The data presented in Table IV were from a case of severe diabetes 
under treatment with insulin. Each value shown in the table 
was checked by a duplicate analysis. The blood was hemolyzed 
in 5 to 8 days in the incubator at 37-39°C. Even after 33 and 
60 days there was no evidence of putrefaction and the only odor 
detectable was that due to thymol. Not enough blood was 
available to detennine the other constituents. 

In all the data presented in the various tables, no precautions 
were used to prevent contamination by bacteria or other organ- 
isms. Non-sterile containers were used, and in all cases the 
blood was exposed to the air before the bottle was stoppered and 

TABIJC iv 

Severe Diabe(Ci> Blood Kept at 87-39'^C 
Mg of glucose per 100 cc of blood 
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Concentration of sodium fluoride 0 01 gm per 1 cc of blood Concen- 
tration of thymol 0 001 gm. per 1 cc of blood. 


set aside. In all tiie detemiiiiations for non-proteiri nitrogen 
and urea, no corrections were made for the content of ammonia 
in preserved specimens. 

A mixture of 10 parts of sodium fluoride and 1 part of thymf)! 
was made. The whole was finely powdered and passed several 
times through a 100 mesh sieve. A measured amount of this 
mixture was added to each bottle. For an ordinary analysis a 
stock of 5 to 12 cc. vials are prepared, and each vial contains 
an amount of sodium fluoride and thymol to make a final con- 
centration of 0.01 gm. sodium fluoride and 0 001 gm. of thymol 
or each cubic centimeter of blood. 
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CONCLUSION. 

From the data obtained and results presented, it is evident 
that samples of human blood can be preserved for 5 to 6 days, 
and the values for non-protein nitrogen, urea, uric acid, creatinine, 
creatine, and sugar will have the same clinical significance as 
those values obtained by an immediate analysis of the blood. 
The urea, uric acid, creatinine, creatine, and sugar content of 
blood can be kept constant for at least 2 weeks. The increase 
in non-protein nitrogen value cannot be accounted for by an 
increase in ammonia and amino-acid content. 

It IS evidently not necessary to draw blood under sterile con- 
ditions, except with regard to the patient, in order to preserve 
blood samples with sodium fluoride and thymol. A mixture of 
0.01 gm. of sodium fluoride and 0.001 gm. of th>Tnol for each 
cubic centimeter of blood is recommended for the preservation 
of blood for 6 to 11 days. 

The writ(*r wishes to express his indebtedness to Mr. H. J. 
McGuire and Mr. E P Millard for valuable technical assistance. 
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THE PROTEIN MATTER OF BILE.* 

By J. F. LOGAN. 

{From the Department of Biochemistry ^ McGill University, Montreal, 

Canada.) 

(Received for publication, June 27, 1923.) 

The protein matter is undoubtedly one of the more important 
constituents of the bile, but in spite of this fact, only a relatively 
small amount of work seems to ha^e been done upon it. The 
small amount of the substance in the fluid, combined with the 
extreme difficulty of purification, has delayed exact investigation. 

The early investigators, Fourcroy, Gmelin, Frommherz, 
Gugert, Simon, and Berzelius (1), each in turn, made a very 
superficial study of the properties of bile protein, without much 
attempt at its purification. Somewhat later, Landwehr (3) 
claimed that bile protein was a true mucin containing only non- 
reducing carbohydrates, because he found that boiling it with 
dilute acids failed to produce any substance which was capable 
of reducing alkaline copper sulfate. His ‘‘mucin^’ preparation 
upon analysis gave: C 53.09, H 7.6, 0 24.41, N 13.8, and S 1.1 
per cent. Later he changed his views and stated that the pro- 
tein which he analyzed was a mixture of globulin and glycocholic 
acid. Paijkull (2) showed that if we accept the analysis of 
Landwehr, the latter’s assumption of a mixture of globulin and 
glycocholic acid was practically an impossibility. PaijkuH’s 
own work gave him a product with C 51.67, H 6.88, N 16.09, 
and S 1.74 per cent. He concluded that bile protein is not a 
true mucin, although it has some of the properties of a mucin; 

* An abstract in part of a thesis submitted by J F. Logan in partial 
fulfillment for the degree of Doctor of Philosophy to the Faculty of Gradu- 
ate Studies of McGill University. 

This investigation was made possible through the generosity of the 
founders of the Scholarship at McGill University in memory of the late 
Lieutenant-Colonel John McCrae. 
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Protein Matter of Bile 


he was inclined to the view that it is a nucleoalbumin, but ad- 
mitted that he was unable to obtain agreement in his phos- 
phorus determinations. Wahlgren (4), Galdi (5), and Cavazzani 
(6) have recently published individual views regarding the 
nature of bile protein with some agreement in their conclusions. 

It will be seen that the nature of bile protein is still unsettled. 
Should it be classified as a glucoprotcin, a nucleoprotein, or a 
phosphoprotein; or is it a mixture of two or more of the above? 
The purpose of this investigation may be stated as (1) the 
preparation of pure bile protein, followed by its analysis, and (2) 
the study of its decomposition products and properties in an 
attempt to classify it properly. 

Methods and Results, 

Fresh ox bile was filtered through cheese-cloth and used at 
once to provide against bacterial decomposition of the protein. 
Many methods of separation and purification were tried, but 
only the more successful ones will be detailed in this papei 
Direct precipitation by adding dilute acid, followed by repeated 
redissolving and reprecipitation gave a product which still re- 
tained pigment. Separation of impurities from acid-precipitated 
protein by dialysis also proved unsuitable for obtaining a pure 
protein. Salting out by ammonium sulfate was tried with un- 
satisfactory results. The following methods gave a product free 
from bile acids and containing little impurity except traces of 
bile pigment. 

Sodium chloride, with a small amount of H(l, was used to 
precipitate the protein. The salt and acid bi ought down a 
slimy green mass which settled to the bottom, leaving the serum 
part of the bile almost colorless. The serum was poured off. 
It was then found that the green mass readily dissolved when 
stirred with alcohol. 

This unexpected result, the solution of the protein in alcohol, 
must be explained on the assumption that it dissolved under the 
influence of other constituents. The next step was the addition 
of acetone until precipitation took place. The small amount of 
HC1 still present probably helped in this last precipitation. 
The protein was 1 hus obtained as a somewhat green flocculent 
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precipitate; the greater part of the pigment and a large part of 
the bile acids were left in solution. Some more of the pigment 
was removed by extraction with acetone in a Soxhlet apparatus, 
but after a short time the acetone extraction seemed to reach its 
limit with color still present. The material was then removed 
from the Soxhlet apparatus and washed with distilled water 
until free from chlorides, then after washing repeated!}" with 
alcohol, and finally with ether, the protein was dried for several 
days at about 40°. A trial Kjeldahl determination upon this 
material gave only 10.8 per cent N. This pointed to a consider- 
able admixture of bile acids which were removed as follows 
300 cc. of distilled water and 5 cg. of 10 per cent NaOH were 
added to 5 gm. of the dry material. After agitation, complete 
solution was effected. 600 cc. of 96 per cent alcohol were stirred 
in and no precipitation took place. 1,500 cc. of acetone and a 
few drops of dilute HCl brought down a flocculent precipitate 
of protein. Most of the liquid was poured off and separation 
was completed by the centrifuge. The protein precipitate was 
well triturated with alcohol to remove traces of bile acid. 
After separating once more with the centrifuge, the material 
was washed with distilled water. It was washed several times 
with water, then with alcohol and finally with ether, and dried 
at about 40°. It will be referred to as protein No. 1 a. 

Upon being dned the product became somewhat greenish in 
color, but was free from bile acids. It was insoluble in water 
and soluble in alkalies. It gave all the protein color reactions 
more or less distinctly. 

In the Kjeldahl determination. 

0 25 gm : 0 03387 gm. N = 13 55 per cent N. 

0 25 0 03441 “ == 13 76 “ ‘‘ 

In the ash determination. 

0 2 gm. : 0 0036 gm. = 1.8 per cent ash. 

Attempts were made to remove the green pigment from some 
protein No. 1 a by direct extraction. All the well known or- 
ganic solvents and some special solvents for bile pigment, pro- 
vided they were such as could be used under the circumstances 
were tried, with little success. 

In order to obtain a product with less ash, a quantity of bile 
protein, separated by the NaCl-HCl method, was freed from 
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bile acids and pigment as far as possible as in the preparation of 
protein No. la, but in addition to this, it was subjected to suc- 
cessive washings with 0.002 N HCl. This was followed by wash- 
ings with 0.001 N HCl and then several washings with distilled 
water to free from chlorides. In each washing, separation was 
effected by the centrifuge. If the isoelectric point of the protein 
was slightly on the acid side of neutrality, as its solubilities would 
lead one to expect, such treatment should free the material 
from metallic ions in accordance with the theory of Loeb (7), 
and the experience of Van Slyke and Baker (8) and Field (9). 
The resulting product was greenish in color, but free from bile 
acids. It will be referred to as protein No. lb. 

An ash determination gave 1.5 per cent. Some calcium was 
removed by the acid dialysis. The ash contained some phos- 
phates, and traces of iron were detected. 

In the Kjeldahl determination. 

0 25 gm.: 0.03367 gm. N = 13.47 per centN. 

After preliminary trials, in which the ordinary methods for 
determining phosphorus were tried, it was found that a micro 
method was essential. The method of Wolf and Osterberg (10), 
in a modified form, was finally adopted. This is a combination 
of Benedict's (11) well known sulfur method, and that of Neu- 
mann (12) for phosphorus. The micro method of Raper (13) 
was substituted for the method of Neumann in my work. The 
method thus modified was rather laborious, but had an advantage 
in its economy in material required, since the same sample served 
for both S and P determinations. In the determination of 
phosphorus, the produce weighed is lead molybdate, from which 
the phosphorus is calculated by multiplying by the factor 0.00703. 

1 gm protein: 0 0874 gm. BaS 04 

Control with reagents: 0 0030 “ “ 

0 0844 = 0 0116 gm. S = 1 16 per cent S. 

1 gm protein: 0 1080 lead molybdate. 

0 1080 X 0 00703 = 0 000759 gm. P = 0 075 per cent P. 

In later analyses of the same protein by the Raper method 
direct, omitting the sulfur determination, 

0 25 gm. protein: 0 0001767 gm P = 0 070 per cent P. 

0 25 << 0 0001879 “ = 0 075 “ 
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The average for these three determinations gave 0.073 per 
cent P. 

In the combustion for C and H. 

0.16 gm. protein: 0 2805 gm. CO 2 and 0 0925 gm. H 2 O. 


0 15 “ 

0.2824 

u 

0 0964 “ 

0 15 ‘‘ 

« 0.2771 

it 

“ 0 0956 “ “ 

0 15 “ 

« 0 2765 “ 

u 

“ 0 0926 “ “ 

Average 

d 2791 “ “ “ 0 0942 “ “ 

= 50 75 per cent C and 7 02 per cent H. 


The results of the analyses of protein No. 1 b may be sum- 
marized as follows: C 50.75, H 7.02, N 13.47, S 1.16, P 0.07, 
and ash 1.50 per cent. 

After completion of analysis of protein No. lb, it was de- 
termined to try to obtain a product comparatively free from 
pigments as well as bile acids. 

It had been noticed that some chloroform, which had been 
added as a preservative to a suspension of partially purified pro- 
tein, had become highly colored. This suggested chloroform as 
an extractor for the pigment. It had already been tried on 
dried material without result. Upon experiment it was found 
that chloroform would dissolve out the pigment best in a slightly 
acid medium. Efforts were made to ascertain the exact acidity 
at which the color would leave the protein and pass to the chloro- 
form upon shaking, but it was soon found that the acidity was 
not the only factor involved. When the protein was precipitated 
by acid alone, the chloroform failed to extract the pigment. On 
the other hand, when it was precipitated by acid alcohol, most 
of the pigment was more readily extracted. 

A quantity of ox bile was mixed with an equal volume of 95 
per cent alcohol which had been acidified with sulfuric acid. The 
protein so precipitated was immediately separated, to avoid 
denaturation by the alcohol. It was then dissolved in water 
and repeatedly shaken with fresh lots of chloroform and small 
amounts of acid. Most of the pigment passed into the chloroform. 
The resulting protein, which had gradually become less soluble 
in water, was dissolved in dilute sodium hydroxide, salted out 
by sodium sulfate, and dialyzed against distilled water. It was 
then washed with alcohol and after extraction with alcohol in 
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the Soxhlet apparatus, washed with ether and dried. The result- 
ing material was still somewhat stained with pigment. Upon 
analysis of this protein No. 2, 

0 12 gm protein: 0 2080 gm CO 2 and 0 0762 gm. HsO. 

0 12 “ “ 0 2110 “ “ “ 0 0795 “ “ 

0 12 “ “ 0 2105 “ “ “ 0 0787 “ “ 

Average 0^98 “ “ “ 0 0781 “ 

= 47 68 per cent C and 7 23 per cent H. 

In the ash determination. 

0 12 gm. protein: 0 0025 gm. = 2 per cent ash 

Up to this time, extraction of pigment with chloroform after 
initial precipitation by acidified alcohol, had given the most 
promising results in removal of pigment. Further investigation 
along this line seemed warranted. The fact that protein that 
had been precipitated by alcohol would give up pigment to 
chloroform in acid solution, whereas protein precipitated by 
acid refused to do so, seemed to indicate that in some manner 
the alcohol had been assisting the chloroform in the extraction 
in the former experiment with protein No. 2. 

95 per cent alcohol and chloroform mixed together were added 
to bile and the test-tube was shaken. After the separation into 
the chloroform-alcohol phase below, and the water-alcohol phase 
above, it was found that very little pigment had left the water- 
alcohol phase. However, when a little acid was added, and the 
shaking was repeated, upon separation of the layers, nearly all 
the pigment was in the chloroform-alcohol below. The water- 
alcohol phase above was only slightly greenish. The protein 
was floating as a precipitate at the top of the heavier chloroform 
layer. It was found that a mixture of 1 volume of chloroform 
with 3 volumes of 95 per cent alcohol gave good results. To 40 cc. 
of this mixture, 1 cc. of 25 per cent H 2 SO 4 was added and this 
was mixed with an equal volume of bile. A precipitate of protein 
and some bile salts settled on the top surface of the dark colored 
chlorofoim layer. The whole was transferred to a separatory 
funnel and after a few moments, the chloroform, highly colored 
with green pigment, was drawn off. Since it carried some of 
the alcohol with it in solution, the next addition of chloroform 
contained some alcohol to maintain the proportion suitable for 
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further extraction of the pigment. It was also desirable to keep 
the bile acids in solution as much as possible, and the extra alcohol 
tended towards this end. The extraction of the precipitate was 
repeated in this manner as long as color continued to pass into 
the chloroform layer. The result was an almost pure white 
protein somewhat contaminated with bile acids, but giving pro- 
tein tests well. 

The whole experiment was repeated, using 500 cc. of bile with 
375 cc. of alcohol, 125 cc. of chloroform, and 13 cc. of H2SO4. 
As before, the alcohol, chloroform, and acid were mixed first 
and then added to the bile. The temperature rise was not 
sufficient to promote greatly denaturation of the protein. After 
repeated treatment with more chloroform and alcohol till pigment 
was no longer extracted, and the protein product was almost 
pure white, the chloroform was removed and alcohol added. 
The material was washed several times with alcohol, then with 
ether. The ether washings continued to show a slight amount 
of color, so the material was extracted with ether for several 
days in a Soxhlet apparatus. It was then dried and found to be 
free from bile pigment. It was a grayish white powder, by far 
the best product obtained. However, upon an ash determina- 
tion, it was found highly contaminated with calcium sulfate, 
the calcium of the bile having been carried right through the 
purification process in the form of its sulfate (from the sulfuric 
acid added). The continued use of alcohol had favored this, as 
it is well known that calcium sulfate is particularly insoluble 
in alcohol. (For this reason, in subsequent preparations by the 
alcohol-chloroform method, it was decided to use hydrochloric 
acid in place of sulfuric.) The calcium was removed by dialj^sis 
in collodion bags against distilled water in a continuous dialyzing 
apparatus for a considerable time. The protein was then re- 
moved from the collodion bags, centrifuged, and washed re- 
peatedly with portions of alcohol. It was then washed with 
ether and dried at a low heat, about 30-35°, for several days. 
It will be referred to as protein No. 3 a. Upon analysis, 

0 12 gm : 0 2018 gm CO 2 and 0 0733 gm H 2 O. 

0 12 0 2042 “ 0 0782 ‘‘ 

Average . 0 2030 “ 0 0758 “ “ 

= 46 1 per cent C and 7 0 per cent II. 

There was too little material for the anal^^sis for other elements. 
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Another protein preparation had been carried on simultaneous- 
ly with a slight modification of the above method in that the 
proportion of the alcohol-chloroform mixture was somewhat 
increased. 

14 cc. of chloroform were mixed with 36 cc. of 95 per cent 
alcohol and 1 cc. of 25 per cent sulfuric acid was added, giving 
about 50 cc. in all. With this, 25 cc. of bile were mixed. 8 
liters of bile were treated, using these proportions. The remain- 
der of the process was essentially the same as in the preparation 
of No, 3 a. 

After prolonged extraction of the product with alcohol in 
the Soxhlet apparatus it was washed with ether and air-dried. 
It was then dried in vacuo over sulfuric acid for 10 days at about 
35°C. The final product (No. 3 b) was a grayish white powder, 
slightly hygroscopic, but nearly insoluble in water; insoluble in 
dilute acids; but soluble in stronger acid. It only partially dis- 
solved in strong acetic acid. It was partially soluble in dilute 
alkali, forming an opalescent solution. The solution in dilute 
alkali showed little or no evidence of the mucilaginous consistency 
which is so characteristic of the native mucins and of the bile 
itself. This protein, No. 3b, represents, I believe, the purest 
product obtained; it was therefore the most valuable for ele- 
mentary analysis. 

In the ash determinations. 

0 1 gm protein: 0 0011 gm =11 per cent. 

0 1 “ '' 0 0010 « = 1 0 “ 

0 096 “ '' 0 0012 ^ ‘‘ 

Average 11 ** 

In the combustions. 

0 1 gm. protein: 0 1664 gm. COj and 0 0693 gm. H 2 O. 

0 1 ‘‘ 0 1625 “ “ “ 0 0691 “ ‘‘ 

Average ... 0 1645 0 0692 “ 

= 44 85 per cent C and 7.70 per cent H. 

The figures seemed unexpectedly low for C and too high for 
H, so a moisture determination was carried out. 0.1 gm. was 
dried at 90-100° and, after cooling in a sulfuric acid desiccator, 
it was weighed. Its dry weight was 0.096 gm., a loss of 4 mg. 
It gained weight rapidly on exposure to the air and soon reached 
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its former weight. The hygroscopic nature of the material had 
never, up to this time, been so evident. 

Deducting the 4 mg. of moisture in the above combustions on 
protein No. 3 b, 

0 096 gm. protein: 0.1664 gm. COa and 0 0663 gm. H*0. 

0 096 ‘‘ 0 1625 " ‘‘ 0 0651 

Average 0 1645 “ 0 0652 ** 

= 46.72 per cent C and 7 24 per cent H. 

In the Kjeldahl determination. 

0 12 gm. protein: 0 016648 gm. N. 

0 12 “ “ 0.016520 “ 

Average ... 0 016534 “ = 13 78 per cent N. 

In the Wolf and Osterberg method for S and P. 

0 25 gm. protein: 0 0288 gm. BaS 04 . 

0 25 “ 0 0276 ‘‘ 

Average 0 0282 “ 

1. Control with reagents: 0 0076 gm. BaS 04 . 

2 « u u 0 0082 “ '' 

3. '' ‘‘ 0 0066 “ 

Average 0 0075 ** 

0.0207 “ = 1.12 per cent S. 

0 25 gm protein. 0 0819 gm. PbMo 04 = 0 230 per cent P. 

0 25 '' 0 0780 ‘‘ “ =0 219 “ “ “ 

In another P determination, by the method of Raper direct (omitting 
the S determination). 

0 25 gm. protein 0 0847 gm PbMo 04 = 0 238 per cent P. 

Average 0 23 “ “ “ 

Controls were unsatisfactory, but there was a trace of P in 
reagents. 

The analysis of protein No. 3 b may now be sununarized as 
follows: C 46.72, H 7.24, N 13.78, S 1.12, P 0.23, and ash 1.10 
per cent. 

As will be shown later in this paper, it seems probable that the 
bile contains at least small amounts of a second protein. When 
one considers the prolonged treatment necessary for the isolation 
of the pure protein material, and the difference in the methods, 
it is quite likely that the final mixtures as analyzed may not 
contain the same proportion of the two original proteins as they 
occur in the bile. This would account for the difference in C 
content. The presence of traces of pigment in No. 1 b would 
also promote a slight tendency towards a higher C analysis. 
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The refractive index of alkali solutions of the protein was 
studied, using an Abb4 refractometer and the monochromatic 
light of the sodium flame. According to an extensive investiga- 
tion of the refractive index of various proteins by Robertson 
(14), the addition of relatively small amounts of a protein to a 
dilute acid, base, or other solvent, changes the refractive index 
of the solvent. 

In the work with this denatured bile protein, 0.02 N NaOH was 
used as the solvent. The temperature was about 25°C. As 
already stated, the protein was only partially soluble in dilute 
alkali. Mixtures of different proportions of alkali and protein 
were made up, shaken, and allowed to stand for some time in 
order to dissolve all the soluble part. The insoluble portion 
settled out and the opalescent upper layer was used in taking 
the readings. No attempt was made to ascertain the exact 
amount of protein in solution. 


No 

Protein-allvali mixture 

Mean refractive index 

1 

Control, 0 02 N NaOH, 

1 3332 

2 

0 25 per cent protein. 

1 3337 

3 

0 50 '' 1 

1 3341 

4 

0 75 '' '' 

1 3345 

5 

1 00 “ 

1 3349 


The proteins so far prepared, Nos. 1 a, 1 b, 2, 3 a, and 3 b, were 
all purified by a more or less prolonged treatment with alcohol. 
Therefore, they were all denatured to some extent. It seemed 
desirable to prepare the bile protein in an unchanged form. 
While the denatured protein served for purposes of analysis, its 
insolubility in most solvents rendered it of little use for the 
study of its physical properties. Accoiding to the best authori- 
ties, denaturatipn is a form of dehydration. It is a distinct 
chemical change with a very high temperature coefficient. Chick 
and Martin (15) found that in the presence of an excess of water, 
the process of denaturing follows the laws of a monomolecular 
reaction provided the hydrogen ion concentration is kept con- 
stant. According to the investigations of Hofmeister, Bovie 
(16), and others, and more recently. Young (17), at least three 
things should be avoided in the preparation of an undenatured 
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protein; viz.^ (1) high temperature, (2) the chemical rays of sun- 
light, and (3) prolonged contact with dilute acids or bases, alcohol 
or acetone. 

In the following method a low concentration of slightly acidi- 
fied alcohol was used with chloroform as an extractor of bile 
pigment. The precipitated protein was separated from the 
alcohol as quickly as possible. Prolonged dialysis against cold 
distilled water was relied upon to complete the process of puri- 
fication. 

25 cc. of chloroform were mixed with 25 cc. of 95 per cent 
alcohol and 0.3 cc. of concentrated HCl was added. The whole 
was mixed with 50 cc. of bile in* a separatory funnel. This 
caused a precipitation of at least most of the protein and gave a 
good separation of pigment. Aft^ immediate removal of the 
chloroform layer, the protein was again shaken with 10 cc. of 
fresh chloroform. This was repeated with another 10 cc. of the 
same solvent. Most, but not all the color was thus extracted, 
giving a fairly white precipitate of protein with some bile acids. 
Since the experiment looked promising, the remaining 950 cc. 
of 1 liter of ox bile were treated in a similar manner with cor- 
responding proportions of alcohol, chloroform, and hydrochloric 
acid. The product was highly contaminated with bile acids. 
In previous work, diffusion of these acids through parchment had 
proved extremely slow. However, Paijkull (2) claims to have 
succeeded in practically eliminating bile acids in this way. In 
the writer’s work, one portion was dialyzed in the continuous 
dialyzing apparatus for several weeks during laboratory hours. 
The flask containing the protein in collodion bags was surrounded 
with colored paper as a protection against the chemical effect 
of sunlight. The other portion of protein was dialyzed in col- 
lodion bags for about 2 months against distilled water in a dark 
closet. In both portions, a product was obtained nearly free 
from bile acids (according to the Pettenkofer test), but some 
pigment still persisted. No analysis of this protein (No. 4) was 
undertaken. It was, perhaps, somewhat denatured from the 
long treatment, but apparently much less so than the former 
preparation because it was more soluble in dilute NaOH and 
almost completely soluble in excess of acetic acid. However, 
it was practically insoluble in water and was precipitated from 
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alkaline solution upon neutralizing or making slightly acid. It 
gave positive xanthoproteic and Millon's tests, and responded 
slowly to the biuret reaction. 

According to Hammarsten (18) mucins and nucleoproteins are 
insoluble in water, except in the form of their alkali salts; f.e., 
in the presence of traces of alkali. If this be the case, the in- 
solubility in water of the last product is not surprising. In 
order to explain the solution of the native protein in the bile, 
we may assume that like the bile acids, it exists in solution in the 
form of the calcium or sodium salt. However, it is quite possible 
that it is not in true solution at all. The protein and the bile 
salts may have a mutual effect upon one another in maintaining 
their natural dissolved condition. Freezing point determina- 
tions, with concurrent analyses of the bile, might throw some 
light upon this subject, but very little work along this line has 
been done. Von Rzentkowski (19), working with human bile, 
found that the freezing point was about —0.543°. This rather 
slight depression of the freezing point is difficult to reconcile 
with the comparatively large proportion of salts (organic and 
inorganic) which are found in the bile. Hence one is inclined 
to believe that the rather large proportion of organic bile salts 
(sodium glycocholate and sodium taurocholate) is not producing 
its maximum effect upon the freezing point. This may best be 
explained by the assumption that a portion of the bile salts is 
not in true solution, but is adsorbed upon the protein. 

Beside the hypothesis that the material is a nucleoprotein, 
there are two other alternatives. The phosphorus of the analyses 
may all be due to the inorganic or organic impurities, in which 
case the protein must be classed as a glucoprotein; or, the material 
may be a phosphoprotein (nucleoalbumin) with only a low per- 
centage of phosphorus. 

The following experiments were carried out to ascertain the 
nature of the protein of ox bile: 

1. Some protein was kept in 1 per cent NaOH for 24 hours; 
no phosphorus test with ammonium molybdate was obtained. 
According to Plimmer and Scott (20), this indicates that it is 
not a phosphoprotein. 

The solution of the problem seemed to hang upon a study of 
the products of hydrolysis. According to the work of Muller 
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(21) and his pupils, the true mucins contain a polysaccharide 
which is easily broken down by boiling with dilute acids. A 
reducing body is formed, which is glucosamine or a related amino 
sugar. 

2. About 3 gm. of fairly well depigmented protein (which had 
been precipitated by alcohol) were heated for 20 hours on a 
boiling water bath with 30 cc. of 10 per cent HCl. A reflux 
condenser kept the volume constant. A large part of the protein 
failed to dissolve, but remained in the form of dark sticky lumps. 
The product was filtered and the filtrate showed no reducing 
action upon alkaline copper sulfate. Similar experiments with 
2.5 per cent HCl, concentrated HCl, and 10 per cent HCl and 
dilute H2SO4 resulted in failure to produce a reducing sugar. 

It is evident from the results of^the above experiments that 
bile protein either does not contain a reducing sugar of the gluco- 
samine type, or if such a body is present, it is very difficult to 
release by the usual procedure of acid hydrolysis. It should be 
noted here that Paijkull (2) had a similar experience in his at- 
tempts to obtain a reducing substance from bile protein; Land- 
wehr (3), as stated ea^rlier in this article, explained this lack of 
reducing power in the products of hydrolysis by assuming that 
the carbohydrate in bile protein was of such a character that it 
could not furnish any reducing substance. 

Bile protein treated with dimethylaminobenzaldehyde after 
the manner of Ehrlich gave a rose color, a reaction said to be 
positive with all glucoproteins. 

Some further hydrolysis experiments were then carried out. 
Levene and La Forge (22), in their work on the mucoids, brought 
about incipient hydrolysis by allowing the protein to stand for 
some hours in dilute alkali; e.g,, 2 per cent KOH or lime-water. 
Some partially purified bile protein was placed in 2 per cent NaOH 
at about 40°C. for a short time and then left at room tempera- 
ture for about a week. The product was then neutralized with 
HCl and excess acid was added to make about a 10 per cent 
solution of HCl. After boiling about 3 hours the solution was 
found to have slight reducing power by the usual test. 

It would seem from this last experiment that the dilute alkali 
had some hydrolyzing effect that acid treatment alone could not 
produce. The fact that the reducing power was so small may 
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be interpreted in two ways : (a) If the bile protein were a chemical 
individual and all its molecules capable of furnishing a reducing 
body, then only a few of them were attacked by the alkali, (b) 
On the other hand, this slight reducing power might come from 
the hydrolysis of a second protein which represented only a small 
part of the total protein present. 

During the hydrolysis experiments, tests were made for the 
presence of purine bases in the various solutions. The ammonia- 
cal silver nitrate test appeared to be slightly positive after stand- 
ing several hours, but the amount of the brown precipitate was 
too small for confirmation. The same precipitate was again 
formed upon repeating the test with some other material. Other 
purine tests gave negative results. 

Pyrimidine bases were not present in the free state as judged 
by qualitative tests. However, since they are more difficult 
to split off from the nucleic acid than the purine bases this is not 
surprising. 

The evidence points to the presence of a small admixture of 
nucleoprotein with the main body of protein as separated from 
the bile. 

Some purified bile protein was placed in a 30 per cent nitric 
acid solution and kept at about 35°C. for several days. The 
molybdic acid-phenylhydrazine test for phosphates was then 
applied No separation of phosphates as a result of the nitric 
acid treatment could be detected. According to Macallum (23), 
nucleoproteins split off phosphorus under such treatment. 

CONCLUSIONS. 

The positive Molisch and Ehrlich reactions and the N content 
of 13.5 to 13.8 per cent point to the glucoprotein molecule, 
nucleoproteins usually show from 15 to 17 per cent N. The 
very low P content (0.07 to 0.23 per cent) as shown by analysis 
and the negative result of the test for P after the action of 30 
per cent HNO3 seem to exclude the possibility of more than 
traces of nucleoprotein being present. The negative result of 
the Plimmer test with 1 per cent NaOH and the low P content 
certainly do not indicate that the material contains any large 
proportion of a phosphoprotein. The apparently faintly positive 
test for purines is evidence for the presence of traces of nucleo- 
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protein; the difference in C content of products which had been 
precipitated and purified by widely different procedures can best 
be interpreted by the assumption that a mixture of proteins is 
found in ox bile. The solubilities of the material furnish no clue 
whatever, and the lack of any considerable amount of reducing 
carbohydrate in the hydrolyzed material remains unexplained. 
Nevertheless, the bulk of the evidence seems to point to a mixture 
of a large proportion of some very stable form of glucoprotein 
with a much smaller amount of nucleoprotein. 

SUMMAKY. 

1. The protein of ox bile has been isolated and purified accord- 
ing to several different methods; many other procedures along 
this line have been extensively investigated. 

2. Three of the above methods gave a product which was 
undoubtedly denatured; the fourth we believe to be unchanged, 
or at least very slightly denatured. 

3. Elemental analyses have been carried out upon two of these 
purified products for O, H, N, S, and P. C and H have also 
been determined with other products obtained by more or less 
modified procedures. 

4. A study of the reactions and of the products of hydrolysis 
of ox bile protein has been made with a view to establishing the 
nature of the substance. 

5. Evidence has been gathered which tends to show that the 
protein of ox bile is a mixture of a comparatively large proportion 
of glucoprotein with a small amount of nucleoprotein. 

In conclusion, I desire to express my thanks to Prof. A. B. 
Macallum for many valuable suggestions in connection with 
the carrying on of this work. 
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The therapeutic action of lipjht has been stuciied experimentally, 
and through the work of Huldschinsky, Hess, Powers, and others 
(1) its relation to the prevention and cure of rickets has been 
established. Further, it has been shown through a number of 
investigations that the light from various sources can maintain 
calcium and phosphorus equilibrium in the blood stream (2). 

Properties similar to those of radiant energy in respect to the 
functions mentioned above are possessed by green plant tissue (3), 
fish liver oils, and so far as known in a limited degree by certain 
foodstuffs, as for example the yolk of the egg (4). To this factor 
in foodstuffs is assigned the teim antirachitic vitamin. Its dis- 
tinction from vitamin A was made probable by the work of Mc- 
Collum, Simmonds, Becker, and Shipley (5), and further con- 
firmed by the work of Steenbock and Nelson (6) and Steenbock, 
Hart, Jones, and Black (7). Our knowledge of its distribution in 
nature is still limited. 

In the presence of all known dietary factors, but in the absence 
of the antirachitic vitamin or its equivalent not only will imper- 

* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station, Madison. 
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feet skeleton formation result and abnormal calcium to phos- 
phorus ratios exist in the blood, but growth will cease. Suggestion 
of the equivalence of fat-soluble vitamins to light and their rela- 
tion to growth has been made by Hume (8), but with the incor- 
rect assumption that it was vitamin A that functioned as the 
equivalent. Goldblatt and Soames (9) have also observed the 
relation of the light from a quartz mercury vapor lamp to growth. 
Powers, Park, and Simmonds (10) recognized the equivalence of 
light from various sources to the antirachitic properties of cod 
liver oil as distinct from vitamin A and the development of a 
condition of physical vigor in the animals so exposed, but did not 
stress the relation of light to growth. However, in a recent paper 
by Ste<^n])ock and Nelson (6) where control of the experimental 
animals in respect to vitamin storage and light was adequately 
recognized, the close relation between the antirachitic vitamin (or 
its equivak'Tit in light) and growth was given sound experimental 
support. 

The fact that the liaby chick is very susceptible to rickets (11) 
and that this pathological condition can be prevented bv the 
use of cod liver oil led us to investigate the problem of the relation 
of light to the growth of this species In nature the young hatch 
of early spring follows the hen in search of food with a variable 
intake of insects and green plant tissue. Leg weakness or rickets 
of chicks reared under such conditions is unknown to us I^eg 
weakness is a malady of early spring hatching, coupled with con- 
finement and ignorance of proper dietary relations. The com- 
mercial poultr 3 rman with his early spring hatch uses freshly 
sprouted grains or stored succulent plant tissue such as roots or 
cabbage as supplements to his ration with the hope of avoiding 
nutritional trouble. He anxiously awaits the advent of warm 
weather when he can get the bird out of doors on freshly turned 
ground^ — believing that the provision of a “scratch is necessary for 
success. We now know that the chick can be carried to maturity 
under strict confinement (11) provided the proper dietary regimen 
is furnished. 

It is apparent from all our data that the chick requires a 
liberal supply of the antirachitic vitamin or its equivalent. The 
recognition of light as the equivalent or supplement to the anti- 
rachitic factor made it seem very probable to us that light could 
play an important part in the practical rearing of this species. 
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BXPEBIMBNTAL. 

In our preliminary studies of this problem of the relation of 
light to the growth of the baby chick, we have chosen as our ration 
one which will invariably lead when used imder housed conditions 
to cessation of growth, symptoms of rickets or leg weakness, 
although often the bird dies suddenly without manifesting severe 
rachitic symptoms. The basal ration was composed of 97 parts 
of white com, 2 parts of calcium carbonate, 1 part of common salt, 
and separator skimmed milk ad libitum. This ration is not abun- 
dant in vitamin A although some is present. From our records 
with chicks it also appears to be low in the antirachitic vitamin. 

In the experiments to be reported in this paper groups of 8 
pure-bred White Leghorns were taken at hatching. They had been 
hatched from eggs laid by hens which had all received similar 
rations, thereby minimizing variations in the storage of nutritive 
factors in the egg. Group I, designated as ‘^no light group, was 
placed in the basement of the University poultry building where 
there was no direct sunlight — the room being dimly lighted 
through closed basement windows. The chicks were allowed a 
runway with a shavings litter. Granite grits were allowed all 
groups. Group II, ^^full sunlight group, was placed out of doors 
in a small covered coop with a raised runway of boards screened 
with wire netting, allowing all day access to sunlight, but pre- 
venting access to extraneous food materials. The floor was covered 
with pine shavings. Groups III, IV, and V were kept in an attic 
with darkened skylights and without access to direct light. They 
also were kept on pine shavings. Group III received 10 minutes 
daily exposure to sunlight. Group IV received 1 hour exposure 
to sunlight daily. Group T was radiated 10 minutes daily, except 
Sunday, by the rays of a quartz mercury vapor lamp. 

This experiment was started July 18. There were days when 
the weather was cloudy, but exposures were made on all days 
except where rain prevented. The records of the weights are 
given in Tables I to V, inclusive, and Figs. 1 and 2, showing pic- 
tures of birds exposed to sunlight for 10 minutes (Group III), 
and all day (Group II), respectively. All the birds of Group I 
(no sunlight group) were dead by the time the pictures of these 
groups were taken. 



TABLE I. 


Weight Record of Group 7, Fed White Corn, Skimmed Milk, with No Sunlight. 


No. 

Initial weight 

2 weeks. 

4 weeks. 

6 weeks. 


gm. 

<7m. 

gm 

om. 

4863 

38 

64 

80 

X-rayed. 

4864 

38 

64 

107 

Dead. 

4865 

38 

67 

77 

n 

4866 

41 

64 

92 

it 

4867 

40 

66 

Dead. 


4868 

34 

Dead. 



4869 

37 

58 

89 

Dead. 

4870 

37 

61 

107 

it 


TABLE II. 

Weight Record of Group II, Fed White Corn, Skimmed Milk, Plus Sunlight 

All Day. 


No 

Initial 

weight 

2 weeks 

4 weeks 

6 weeks. 

8 weeks. 


gm. 

gm. 

gm. 

gm. 

gm. 

4881 

36 

70 

128 

210 

237 

4882 

36 

75 

139 

210 

290 

4883 

36 

55 

65 

X-rayed. 


4884 

33 

61 

109 

<< 


4885 

35 

57 

87 

175 

230 

4886 

38 

71 

100 

202 

261 

4887 

34 

72 

Dead. 



4888 

37 

62 

102 

179 

235 

4889 

36 

Dead. 




4890 

35 

77 

105 

Dead. 



TABLE III 

Weight Record of Group III, Fed White Corn, Skimmed Milk, Plus Sunlight 

10 Minutes. 


No 

Initial 

weight 

2 weeks 

4 weeks 

6 weeks 

8 weeks 


gm 

gm 

gm. 

gm 

gm. 

5090 

37 

64 

90 

Dead. 


5091 

36 

60 

75 

<( 


5092 

38 

50 

60 

n 


5093 

37 

56 

85 

X-rayed. 


5094 

36 

57 

85 

(< 


5095 

34 

Dead. 




5096 

38 

51 

75 

140 

205 

5097 

37 

52 

90 

145 

215 

5098 

36 

87 

135 

180 

Dead. 

5099 

38 

72 

95 

95 

<< 


36 
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We do not desire at this time to emphasize the possible quan- 
titative differences in the effect of the kind of light or the length 
of time of exposure. All we wish to do is to call particiilar atten- 
tion to the distinct differences in the growth records of Groups 


TABLE IV. 

Weight Record of Group IV j Fed White CorUf Skimmed Milkj Plus Sunlight 

1 Hour. 


No 

Initial 

weight 

2 weeks 

4 weeks 

6 weeks 

8 weeks. 


om \ 

gm 

gm. 

gm 

gm. 

5100 

41 

70 

140 

230 

Dead. 

5101 

37 

57 

Dead. 



5102 

40 

Dead. 




5103 

42 

n 




5104 

33 

65 

Dead. 



5105 

33 

72 

140 

175 

X-rayed. 

5106 

36 

65 

110 

X-rayed. 

1 

5107 

38 

58 

80 

90 

Dead. 

5105 

40 , 

80 

125 

225 

290 

5109 

36 

68 

100 

120 

Dead. 


TABLE V 

Weight Record of Group F, Fed White Corn, Skimmed Milkj Plus 10 Minutes 
Daily Radiation {Ultra-Violet), 


No 

Initial 

weight. 

2 weeks. 

4 weeks 

6 weeks. 

8 weeks 



gm. 

gm 

gm 

gm 

5110 

41 

85 

145 

260 


5111 

35 

Dead. 




5112 

37 

77 

Dead. 



5113 

32 

60 

75 

Dead. 


5114 

36 

62 

90 

95 

Dead. 

5115 

38 

69 

110 

X-rayed. 


5116 

35 

72 

115 

165 

X-rayed. 

5117 

37 

74 

115 

160 

Dead. 

5118 

38 

87 

135 

250 

255 

5119 

38 

68 

Dead. 




I and II — the group receiving no sunlight and the group receiving 
sunlight the entire day. Those receiving no sunlight terminated 
their existence in 6 weeks, reaching weights of approximately 
100 gm. These birds were listless and inactive, rough of feather, 
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straddling, and awkward in gait, squatting frequently. Death 
often occmred suddenly. Possibly their nutritional failure was 
partly due to a low supply of vitamin A in the ration used. How- 
ever, no distinct ophthalmias were observed. 

The group reared in the '^all day sunlight’^ exhibited signs 
of behavior the exact antithesis of the birds of Group I. They 
were alert and active with no hesitation in walking, no frequent 
squatting, and the feathers of most of these birds were relatively 
smooth, although in this regard they were not perfectly normal. 
The distinction between the two groups was very remarkable and 
as far as can be discerned at present, the only difference between 
the rations allowed was direct sunlight acting as the equivalent 
or supplement to a limited supply of the antirachitic vitamin. 
In 8 weeks five of these birds had reached weights averaging 
250 gm. 

In respect to the other groups, all we can say at present is that 
the group receiving sunlight 10 minutes daily (Group III) was 
more like Group I (no light group) in general behavior, while 
those receiving sunlight for 1 hour daily (Group IV) and 10 
minutes of ultra-violet light (Group V) grew better and lasted 
longer than those of Groups I and III. However, they were not 
equal as a group to the ^^all day sunlight group (Group II). 

While we recognize the occurrences of the antirachitic factor 
in green plant tissue (3) and the common use by poultrymen of 
greens, yet no adequate and complete data are yet available on the 
quantitative relation in respect to the antirachitic properties of 
sunlight as compared with green plant tissue. We do wish, 
however, to present the limited data we have available, bearing 
on this point. In other studies on the rearing of baby chicks 
we had occassion to use a basal synthetic diet supplemented 
with carefully dried green clover and also supplemented with fresh 
green clover equivalent in dry matter to 5 per cent of the ration. 
The basal ration consisted of 18 per cent of alcohol-extracted 
casein, 60 per cent of dextrin, 5 per cent of salt mixture 32, 2 per 
cent of agar, and 15 per cent of dried brewer’s yeast. The green 
clover in proper quantity was chopped up daily and mixed with 
the ration. A group of eight Barred Rock chicks were involved 
in this experiment. They were from the same hatch and the 
eggs were from hens of similar nutritional history. These birds 
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were kept out of direct sunlight in our attic and provided with a 
runway covered with shavings. They were started on this ration 
June 19, immediately after hatching. On July 12 or after a lapse 
of 23 days and with good consumption of the ration it became 
apparent that the provision of this amount of green food in the 
ration would not allow normal growth or even maintenance. 
Consequently, two chicks from this group (Nos. 7 and 8) were 
given in addition to their ration plus green food a daily exposure 
of I hour to sunlight. The remainder of the group were allowed to 
terminate their course without change of environment. For 
records of this group see Table VI. Thev were all dead or 

TABLE VI 

Record Weight of Chicks Fed Basal Synthetic Ration Plus Green Clover, 
Equivalent to 5 Per Cent of the Dry Matter of the Ration, and Kept Out 
of Direct Light Nos 7 and 8 Received the Same Ration hut 
When 23 Days Old Received in Addition I Hour of Exposure 
to Sunlight Daily. 


No 

Initial 

weight 

2 \ieekH 

4 weeks 

1 6 weeks 

8 w eeka 

10 weeks 


um 

nm 

uri 

im 

um 

gm. 

1 

35 

57 

72 

80 

Dead 


2 

36 

53 

Dead, 




3 

35 

62 

87 1 

95 

95 

Dead X-rayed and 







photographed. 

4 

33 

60 

Dead 




5 

31 

60 

55 

Dead. 



6 

31 

60 

77 

( ( 



7 

32 

58 

85 

145 

260 

410 

8 

38 

77 i 

105 

180 

305 

X-rayed and photo- 







graphed. 


stationary in weight in from 6 to 8 weeks. The two birds, 
exposed to sunlight, made continued and excellent growth. No. 
8 at 8 weeks of age had reached the weight of 305 gm. when 
it was photographed and radiographed for purpose of contrast with 
No. 3 a bird from this group that was unexposed to light and which 
at 8 weeks of age weighed 95 gm. At this time No. 3 was also 
photographed and radiographed (see photographs and radiographs, 
Figs. 3 and 4). No. 7 is still growing and at this writing weighs 
520 gm., and appears to be a normal specimen. Apparently the 
chick requires a liberal amount of the antirachitic vitamin or its 
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eqxiivalent, and the amount of green material we furnished was 
insufficient to meet its needs imless sunlight in addition was 
provided. 

SUMMARY. 

It is apparent from our data that light can play a very important 
part in the rearing of baby chicks, acting as a supplement or the 
equivalent to the antirachitic factor of foodstuffs.^ 

From limited data it appears that ^ hour daily exposure to 
direct sunlight was much more potent in furnishing the antirachitic 
equivalent than was 5 per cent of a synthetic ration fed as fresh 
green clover, calculated on the basis of the dry weight of the 
clover. 
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EXPLANATION OF PLATES. 

PLATfl 1. 

Fig. 1. The effect of limited radiant energy (sunlight) and a rachitic 
ration. Fed white corn 97, calcium carbonate 2, sodium chloride 1, plus 
skimmed milk ad libitum Sunlight 10 minutes per day Weight 140 gm, 
at 6 weeks of age An abnormal specimen. 

Fig. 2 The effect of unlimited radiant energy (sunlight) and a rachitic 
ration. Fed white corn 97, calcium carbonate 2, sodium chloride 1, plus 
skimmed milk ad libitum. Exposed to sunlight all day Weight 210 gm at 
6 weeks of age. Apparently a normal specimen. 

Fig. 3. A contrast between the effect of green plant tissue and radiant 
energy. Both chicks received a synthetic ration composed of alcohol- 
extracted casein 18, dextrin 60, salt mixture 5, agar 2, yeast 15, plus 5 per 
cent of fresh green clover, calculated on the basis of the dry weight of the 
clover. 



No 3 (left) 

No 8 (right) 


gm. 

gm 

Initial weight, June 19, 1923 

35 

38 

Weight, July 10, 1923 

77 

95 

July 12, 1923, began exposure of No. 8 to sunlight J hour daily, both birds 
being continued on the same ration. 

Weight, Aug. 8, 1923 

95 

I 235 


Photographed Aug 9, 1923. (See record of other individuals similarly 
treated, Table VI ) 


Plate 2. 

Fig 4. A radiograph of Birds 3 and 8 (photograph, Fig. 3). No 3 (left) 
received the synthetic ration plus green plant tissue, while No. 8 (right) 
received the same ration plus J hour daily exposure to sunlight. Normal 
calcification of the skeleton of No 3 had not taken place. The patella and 
metatarsus are but dimly outlined In the case of No. 8 the skeleton is 
sharply outlined and great improvement in calcium and phosphorus deposi- 
tion must have occurred. 








DIETARY FACTORS INFLDENCING CALCIUM 
ASSIMILATION. 


IV. THE COMPARATIVE EFFICIENCY OF BHXED GREEN GRASSES 
AND THIS SAME MIXTURE PLUS STEAMED BONE MEAL 
IN MAINTAINING CALCIUM AND PHOSPHORUS 
EQUILIBRIUM IN MILKING COWS.* 

By E. B. hart, H. STEENBOCK, and C. A. HOPPERT, 

{From the Department of Agricultural Chemistryy University of Wisconsin^ 

Madison.) 

andG. C HUMPHREY. 

{From the Department of Animal Husbandry, University of Wisconsin, 

Madison ) 

(Received for publication, September 24, 1923.) 

In previous papers (1) from this laboratory dealing with the 
subject of calcium assimilation by goats and cows, evidence has 
been presented showing: (1) that green plant tissue contained 
more of a vitamin assisting calcium assimilation than plant tissue 
exposed to long curing processes, (2) that alfalfa hay when fed as 
a supplement to grains and grain by-products may be so cured as 
to retain quantities of this vitamin sufficient to maintain liberally 
milking cows in positive calcium and phosphorus balance; but 
under the practical conditions of curing hay under caps the effi- 
ciency of such dried alfalfa was not equivalent in this respect to 
green alfalfa; (3) that alfalfa hay cured in the windrow with 
exposure to air and light for 4 days was not capable of maintaining 
calcium equilibrium in liberally milking cows; and (4) that with 
timothy hay as the principal roughage for milking cows or the 
same hay supplemented with bone meal, positive calcium and 
phosphorus balances could not be established. In other words, 
while the losses of calcium were somewhat reduced by supple- 

* Published with the permission of the Director of the Wisconsin Agricul- 
tural Experiment Station, Madison. 
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menting the timothy hay ration with a calcium salt, storage of 
calcium was impossible and even equilibrium was not established. 

The accumulation of the above facts briefly summarized from 
our earlier publications paved the way for further study of a 
question of considerable practical moment; namely, can mixed 
green grasses, constituting the common summer pasturage for 
dairy cattle, provide an ample supply of all the factors necessary 
to establish conditions for calcium and phosphorus storage when 
supplemented with grains, grain concentrates, and corn silage, 
or failing in this, can it be accomplished by supplementing with 
calcium salts such as rock phosphate or steamed bone meal? These 
data would also give an answer to the question of the most effective 
time to establish the calcium and phosphorus reserves of dairy 
cattle. While in the winter feeding of liberally milking cows, 
equiUbrium of calcium and phosphorus can be maintained by the 
use of an alfalfa hay cured in a special way and properly supple- 
mented with grains, grain by-products, and corn silage, yet such 
methods of curing may not be economical and the most effective 
method of lessening the mineral draft on high milking cows would 
be through an efficient upbuilding of the calcium and phosphorus 
reserves on supplemented green grasses. If this is not possible it 
must then be done during the dry period. In addition, an answer 
must ultimately be given to the question of the effect of long 
continued negative calcium and phosphorus balances, even when 
drawn from built up reserves, upon the fecundity and reproducing 
potency of dairy cattle (2) . 

This investigation gives no answer to the last question, but it 
does give a partial answer to the first question and also discloses 
a probable fourth factor operating in experimental inquiries into 
the maintenance' of the calcium and phosphorus reserves of liberally 
milking cows. This fourth factor involves the nutritional history 
of the animal ])efore its use for experimental purposes, and its 
possible stored reserves. 


Experiment /. 

In the experiment to be described we believe we established 
ideal conditions for calcium and phosphorus storage through the 
provision of a ration containing a liberal supply of calcium, phos- 
phorus, and the vitamin assisting in calcium assimilation. This 
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was done by using a ration made up of grains, com silage, and 
fresh green plant tissue composed of Jime Grass {Poa pratensis) 
and white clover (Trifolium repens). Our records, however, 
indicate that for these liberally milking animals the calcium supply 
was too low with the unsupplemented ration. On the other hand, 
the phosphorus supply, mainly provided through the grain 
portion of the ration, appeared to be ample. In the second period 
of this experiment the ration was supplemented with steamed 
bone meaP — each animal being allowed 200 gm. per day. All 
these animals were heavy milkers, yielding approximately 50 
lbs. of milk daily. 

The ration fed consisted of 40 lbs. daily of fresh green grass, 
20 to 25 lbs. of com silage, and a grain mixture made up of 60 
parts of yellow com, 25 parts of wheat bran, and 15 parts of oil 
meal. For 3 lbs. of milk produced, 1 lb. of the grain mixture was 
fed daily. The fresh grasses were cut daily from a lawn on the 
University campus and 20 lbs. per individual set aside for both 
evening and morning rations. In addition these grasses were 
sampled daily for calcium and phosphorus estimations. 

The procedure followed in these metabolism experiments was 
similar to those described in our earlier experiments of like char- 
acter. Quantitative collection of all excreta and milk was made 
with fractional sampling of both feces and urine for final analysis 
for calcium and phosphorus. 

In spite of the provision of this supposedly ideal ration, a nega- 
tive calcium balance was recorded for Animal 1 in the unsupple- 
mented period, but with equilibrium in respect to calcium and 
phosphorus in the supplemented period. (See records in Tables I, 
II, and III.) For Animal 2 a negative calcium balance prevailed 
in both unsupplemented and supplemented periods; the positive 
balance recorded in the 1st week of the supplemented period is due 
to a lag in the excretion of calcium and should be disregarded. 
In the case of Animal 3 a negative calcium balance was observed 
in the unsupplemented period, but distinctly positive balances for 
both calcium and phosphorus were recorded in the period supple- 
mented with bone meal. 

The varying results with the three animals probably rest upon 

1 This bone meal was a product specially produced by the United Chemi- 
cal and Organic Products Co., Chicago, Illinois, for feeding purposes. 
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their previous nutritional history and introduce a fourth factor of 
considerable moment in an experimental inquiry into the problem 
of maintaining the calcium and phosphorus reservep of liberally 
milking cows. This is the tentative explanation we have to offer 
since the milk production of the three cows was much alike, 


TABLE I 


Record of Calcium Balance and Milk Production of Animal 1 



CaO m 
feces 

CaO 

CaO in 
milk. 

Total 

Total 

Balance 

Balance 

Milk 

Period. 

in 

urine 

CaO 

excreted 

CaO 

intake 

per 

week. 

per 

day. 

per 

week 


Green grass period 



om 

om 

am. 

om 

om 

om 

om 

May 16-22 

551 93 

2 08 304 65 

858 66 

479 59 

-379.07 

-54 15 

“ 22-29 

268 70 

3 38 

278 75 

550 83 

488 10 

-62 73 

-8 96 

“ 29-June 5 

273 15 

1 31 

285 97 

560 43 

485 48 

-74 95 

-10 71 


Green grass -f bone meal period 


June 

5-12 

682 90 

7 42 

263 47 

953 79 

1,203 42 

+249 63 

+35 66 

338 4 

a 

12-19 . . 

827 11 

6 95 

246 77 

1,080 83 

1,026 65 

-54 18 

-7.74 

312 3 

it 

19-26 . . . 

971.14 

9 03 

237 24 

1,217 41 

1,280 94 

+63 53 

+9 08 

312 9 


Record of Phosphorus Balance of Animal L 


Period. 

PjOs in 
feces 

PaOfi 

m 

urine 

P2O6 

in 

milk 

Total 

P2O5 

excreted 

Total 

r:0» 

-ntake 

Balance 

per 

week. 

Balance 

per 

day 

Green grass period. 


gm 

om 

am 

om 

om 

om. 

om 

May 16-22 . 

1,125 00 

2 76 

326 18 

1,453 94 

1,292 36 

-161 58 

-23 08 

22-29 .. . 

867 69| 

i 2 68 

323 86 

1,194 23 

1,301 15 

+ 106 92 

+ 15 27 

‘‘ 29-June 5 

855 36 

2 95 

330 02 

1,188 33 

1,313 10 

+ 124 77 

+ 17 82 

Green grass + bone meal period. 

June 5-12 . 

ll,228 10 

3 66 

322 04 

' 1,553 80 

1,832 36 

*+278.56 

+39 79 

“ 12-19 . . 

1,359 07 

3 11 

302 08 

1,664 26 

1,554 41 

-109 85 

-15 69 

19-26. .. 

1,325 20 

3 70 

294 06 

1,622 96 

1,741 37 

+118 41 

+16 91 


although, as will be pointed out later, the calcium secretion in the 
milk of Animal 3 was distinctly lower than that in Animal 2. 

The three cows used were pure-bred Holsteins. Nos. 1 and 2 
had been milking since January 25 and 4, 1922, respectively, 
but had received an alfalfa hay ration during this period and had 
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also been upon green pasture just previous to being used in this 
metabolism experiment which started May 15, 1922. The use of 
such rations probably did not result in a serious or extended 
depletion of the mineral reserves and consequently no pronounced 
storage was possible even with our ideal ration. In the case of 
Animal 3 which freshened March 15, 1922, the preexperimental 

TABLE II. 


Record of Calcium Balance and Milk Production of Animal 



CaO in 
feces 

CaO 

CaO in 
milk 

Total 

Total 

Balance 

Balance 

Milk 

Period 

in 

urine 

CaO 

excreted 

CaO 

intake 

per 

week 

per 

day. 

per 

week. 


Green grass period. 



gm 

gm 

gm. 

gm. 

gm. 

gm. 

gm. 

Vb 9 . 

May 16-22 

461 86 

2 57 

322 62 

787.05 

479 59 

-307 46 

-43 92 

386 2 

22-29. 

309 32 

3 16 

323 76 

636 24 

488 10 

-148 14 

-21 16 

369 5 

29- 

June 5 . . . ! 

310 37 

2 42 

1 

285.06 

597 85 

! 

485 48 

-112 37 

-16 05 

365.1 


Green grass + bone meal period. 


June 

5-12 

692 64 

5 481263 60 

961 72 

1,203 42| 

+241 70 

+34 53 

352 0 

u 

12-19 

1,039 16 

4 20 266 90 

1,310 26 

1,158 15 

-152 11 

-21 73 

343 8 

a 

19-26 

1,118 26 

8 52 258 81 

1,385 59 

1,280 94 

-104 65 

-14 95 

347 6 


Record of Phosphorus Balance of Animal £. 


Period. 

1 

PsOs in 
feces 

P2O5 

in 

urine 

P2O. 

in 

milk 

Total 

P2O6 

excreted 

Total 

P2O6 

intake 

Balance 

per 

week 

Balance 

per 

day 

Green grass period. 


gm 

gm 

1 

gm 

gm 

gm 

gm 

gm 

May 1&-22 

933.32 

3 36' 

355 93 

1,292 61 

1,292 36 

-0 25 

-0 04 

“ 22-29 

910 15 

2 50 

330 47 

1,243 12 

1,301 15 

+58 03 

+8 29 

“ 29-June 5 

955 26 

2 09 

341 41 

1,298 76 

1,313.10 

+14 34 

+2 04 


Green grass -f bone meal period. 


June 5-12.. .. 

1,354 50 

2 34 

322 72 

1,679 56 

1,832.36 

+152 80 

+21 83 

12-19 

1,494 53 

4 61 

326 21 

1,825 35 

1,714 90 

-110 45 

-15.78 

19-26 .... 

1,469 82 

5 87 

323 51 

1,799 20 

1,741 37 

-57.83 

-8 26 


ration had been a grain mixture, corn silage, and timothy hay 
grown on an acid soil and low in calcium. This animal was a lib- 
eral milker and such a ration must have led to a distinct mineral 
depletion before being placed in our experimental inquiry and also 
to a depletion of the vitamin concerned in calcium assimilation. 
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These differences in results secured from our experimental 
ration with the several animals correlate with the differences in 
the preexperimental feeding period and raise the question whether 
or not the hberally lactating cow does not draw upon mineral 
reserves with greater ease than on the food supply, at least up to a 
certain point, even when the ration is an ideal one for calcium and 

TABLE III 


Record of Calcium Balance and Milk Production of Animal S. 


Period 

CaO in 
feces 

CaO 

in 

urine 

CaO m 
milk 

Total 

CaO 

excreted 

Total 

CaO 

intake 

Balance 

per 

week. 

Balance 

per 

aay 

Milk 

per 

week 

Green grass period. 

May 29- June 5 

(jm. 

280 61 

um. 

3 19 

grn 

219 45 

om 

503 25 

450 71 

ym 

-52 54 

yn\ 

-7 51 

lbs 

326 6 


Green gross -f bone meal peiiod. 


June 5-12 . . 

515 05 

2 98 

218 58 

736 61 

1,168 65 

+432 04 

+61 72 

325 3 

12-19 . . 

926 40 

4 08 

192 22 

1,122 70 

1,130 19 

+7 49 

+ 1 07 

306 8 

19-26.... 

919 63 

5 99 

222 01 

1,147 63 

1,253 00 

+ 105 37 

+15 05 

332 8 


Record of Phosphorus Balance of Animal 8. 


Penod 

P 2 O 6 m 
feces 

P 2 O 5 

in 

urine 

P 2 O 5 

in 

milk 

Total 

P 2 O 5 

excreted 

Total 

P 2 O 6 

intake 

Balance 

per 

week 

Balance 

per 

day 

Green grass period. 

May 29-June 5 . 

ym 

765 88 

ym 

2 93 

ym 

305 35 

ym 

1,074 16 

ym 

1,188 62 

ym 

+ 114 46 

ym 

+16 35 


Green grass + bone meal period. 


June 

5-12. . . 

1,237 93 

2 58 

[313 09 

1,553 60 

1,707 88 

+ 154 28 

+22.04 

u 

12-19 

1,300 05 

2 97 

305 05 

1,608 07 

1,599 28 

-8 79 

-1 26 

u 

19-26 . . 

1,169 87 

3 35 

327 72 

1,500 94 

1,625 75 

+124 81 

+ 17 83 


phosphorus assimilation and storage. The results also indicate 
that the degree of mineral and probably vitamin depletion before 
the period of collection of the experimental data is an important 
factor in measuring the comparative efficiency of feeding materials 
for calcium and phosphorus storage. For example, for Animal 2 
our experimental ration would be judged inefficient in respect 
to its power to maintain calcium and phosphorus equilibrium; 
while in the case of Animal 3 it showed itself highly effective. 
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Both animals were producing approximately equal quantities of 
milk, but the percentage of calcium in the milk of Animal 2 was 
slightly higher than in the milk of Animal 3. In the case of No. 2 
the percentage of calcium oxide in the milk was approximately 
0.167. In the case of No. 3 it was 0.144. In the supplemented 
period Animal 2 was secreting approximately 260 gm. of calcium 
oxide per week in the milk; while Animal 3 was secreting approxi- 
mately 210 gm. in the same time with the intake of Animal 2 
slightly higher than that of Animal 3. It is entirely possible that 
individual differences in respect to the efficiency of calcium 
assimilation can exist, and had the plane of calcium intake been 
higher in the case of No. 2, we would have established calcium 
equilibrium. This is suggested as an alternative explanation for 
the striking differences in the calcium records of Animals 2 and 3. 

Experiment II. 

Because of the variations in results secured in the first experiment 
and the difficulty of their interpretation, the experiment was re- 
peated, but using only animals whose previous nutritional history 
was known, especially in respect to the character and time of use of 
the roughage part of the ration. Animal 4 (a pure-bred Holstein) 
had received a good grade of alfalfa hay purchased on the open mar- 
ket, but of unknown curing exposure, in addition to corn silage and 
a suitable grain mixture. This ration was fed from January 24 
to May 14, 1923, the date of initiation of the metabolism 
experiment. No. 4 freshened December 16, 1922, and was bred 
April 23, 1923. We had no guarantee that this animal, milking 
50 lbs. per day, would not be in negative calcium balance in the 
preexperimental period, but we believed that through the use of 
this alfalfa hay pronounced depletion of calcium was less likely 
to occur as compared with the use of a timothy hay or com stover 
grown on acid soils. Consequently, Animal 5 (a pure-bred Jersey) 
was placed on a grain mixture, com silage, and a timothy hay of 
poor quality from January 24 to May 14, 1923, the date on which 
the metabolism experiment started. This animal freshened 
December 6, 1922 and was bred January 20, 1923. Animal 6 
(a grade Holstein) was prepared for the metabolism experiment 
in a similar manner, placing her on a grain mixture and com stover 
grown on acid soil. She received no com silage and was started 
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on the above ration in October, 1922, continuing on it until the 
initiation of the metabolism experiment on May 14, 1923. This 
animfll was fresh October 17, 1922, and bred March 25, 1923. 
From previous experience we felt sure that Animals 5 and 6 would 
be in a depleted condition particularly in respect to calcium 

TABLE IV. 


Record of Calcium Balance and Milk Production of Animal 4. 



CaO in 
fecos 

CaO 

CaO 

Total 

Total 

Balance 

Balance 

Milk 

Period 

in 

urine 

m 

milk 

CaO 

excreted 

CaO 

intake 

per 

week. 

per 

day. 

per 

week. 


Green grass period. 



am. 

gm. 

gm. 

gm 

gm 

gm 

gm. 

lbs. 

May 14-21 

420 84 

7 06 

271.92 

699 82j 

538 84 

-160 98 

-22 99 

334 6 

‘‘ 21-28 

310 02 

0 53 

271 68 

582 23 

551 32 

-30 91 

-4 41 

328 8 

“ 28- 
June 4 

381 24 

0 95 

267.72 

649 91 

j 

576 31 

1 

-73 60 

-10 51 

327.6 


Green grass + bone meal period 


June 4-11 

807 53j 

2 01 

254 74 

1,064 28 

1,191 71 

CO 

+ 

+ 18 20 

310.0 

“ 11-18 

1,001 701 

19 90 

249 80 

1,271 40 

1,218 28 

-53 12 

-7.59 

292.6 

“ 18-24 

806 66 

3 43 

224 00 

1 

1,034 09 

1,050 70 

+ 16 61j 

+2 37 

246 7 


Record of Phosphorus Balance of Animal 4 


Period 

PjOftin 

feces 

P 208 

in 

urine 

P2O6 

in 

milk 

Total 

P2O6 

excreted 

Total 

P2O6 

intake 

Balance 

per 

1 week. 

Balance 

per 

day 

Green grass period. 


gm 

gm 

gm 

gm 1 

gm 

gm 

gm 

May 14-21 . . 

708 75 

6 04 

311 41 

1,026 20 

1,036 51 

+ 10 31 

+ 1 47 

“ 21-28 . . . j 

783 64| 

7 34 

301 54 

1,092 52 

1,063 31 

-29 21 

-4 17 

“ 28-June 4 

710.01 

4 88 

300 44 

1,015 33 

1,144 09 

+ 128 76 

+ 18 39 


Green grass + bone meal period. 


June 4-11 

961 35* 

16 90 

284 29 

1,262 54 

1,504 86 

+242 32 

+34 62 

“ 11-18 

1,193 85 

19 90 

268 30 

1,382 05 

1,520 63 

+ 138 58 

+ 19 79 

18-24 .... 

1,074 53 

28 10 

227 40 

1,330 03 

1,342 95 

+ 12 92 

+ 1 84 


through the long continued use of roughages low in calcium and 
probably low in the vitamin concerned in calcium assimilation. 
In such a depleted condition response to an ideal ration would 
be more readily measured through balance experiments. 
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On May 14 the metabolism records of the three animals were 
begun with the use of the unsupplemented green plant tissue, 
com silage, and grain mixture such as was used in Experiment I. 
The details of this experiment were like those of Experiment I. 
The green plant tissue was secured from the same lawn and was 


TABLE V. 

Record of Calcium Balance and Milk Production of Animal 6. 


Period. 

CaO in 
fecea 

CaO 

in 

urine. 

CaO in 
milk. 

Total 

CaO 

excreted. 

Total 

CaO 

intake 

Balance 

per 

week 

Balance 

per 

day 

Milk 

per 

week 

Green grass period. 


Ofn 

gm. 

gm 

gm 

gm 

gm. 

gm 

lh» 

May 14-21 

360 68 

5 12 

142 34 

498 14 

495 43 

-2 71 

-0 38 

152 2 

21-28 . 

338 85 

4 88 

127 15 

471 08 

506 83 

+35 75 

+6 11 

135 3 

“ 28- June 4 

477 41 

12 64 

135 57 

625 62 

536 22 

-89 40 

-12 77 

142 2 


Green grass -f bone meal period. 


June 4-11 
“ 11-18 
18-24 


|929 39 I 12 70!i 40 05 1,082 14 
[965 94! 6 861131 1 1,103 90 
1870 75 7 30ll21 2 999 25 


1,151 62 +69 48| 
1,179 14 +75 24| 
1,017 14j+17 89| 


+9 92|156 5 
+10 75130 1 
+2 651123 2 


Record of Phosphorus Balance of Animal 6 


Period 

PaOfi in 
feces 

PjOfi 

in 

urine 

P 2 O 6 

in 

milk 

Total 

P 2 O 6 

excreted 

Total 

PsOj 

intake 

Balance 

per 

week 

Balance 

per 

day 


Green grass period. 





gm 

gm 

gm 

gm 

gm 

gm 

gm 

May 14-21 

558 76 

6 58 

192 09 

758 43 

787 33 

+28 90 

+4 13 

“ 21-28 

593 82 

7 61 

166 46 

767 99 

800 83 

+32 84 

+4 69 

“ 28-June 4 

564 03 

13 62 

179 47 

757 12 

783 85 

+26 73 

+3 82 


Green grass + bone meal period. 


June 4-11 

903 21 

7 78 

171 66]l,082 65 

1,244 62 

+161.97 

+23 14 

“ 11-18 . 

1,013 32 

14 95 

161 201,189 47 

1,261 05 

+71.58 

+10 22 

“ 18-24. . . 

930 65 

12 94 

139 301,082 89 

1,121 45 

+38 56 

+5 51 


cut and sampled daily. The ration consisted of 40 lbs. of green 
plant tissue daily, 20 to 25 lbs. of com silage, and for 3 lbs. of milk 
produced daily 1 lb. of a grain mixture composed of 60 parts of 
yellow com, 25 parts of wheat bran, and 15 parts of oil meal. 
On this ration the animals were continued for 3 weeks with quanti- 
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tative collection of excreta and its sampling for analysis. At the 
end of 3 weeks 200 gm. of steamed bone meal (same as used in 
Experiment I) were added daily to the ration of each cow with 
continued collection and analysis of the excreta and the milk for 
a period of 3 weeks. The records of these data are presented in 
Tables IV, V, and VI. 

TABLE VI 

Record of Calcium Balance and Milk Production of Animal 6. 


Period 

CaO m 
feccB 

CaO 

in 

urine 

CaO m 
milk 

Total 

CaO 

excreted 

Total 

CaO 

intake. 

Balance 

per 

week 

Balance 

per 

day 

Milk 

per 

week. 

Green grass period. 


vm 

gm 

gm 

gm 

gm 

gm 

gm 

Vbs 

May 14-21 

289 11 

4 30 

156 66 

450 07 

434 25 

-15 82 

-2 26 

164 5 

21-28 

309 02 

6 27 

183 13 

498 42 

493 10 

-5 32 

-0 76 

227 3 

28-June 4 

388 54 

3 17 

185 02 

576 73 

536 22 

-40 51 

-5 79 

219 1 


Green grass + bone meal period 


June 4-11 

895 23 

11 83 

182 50 

1,089 56 1,151 62 

+,62 06 

+8 87 205 0 

“ 11-18 

987 55 

7 78 

179 40 

1,174 73 1,179 14 

+4 41 

+0 63 207 9 

18-24 

750 08 

8 24 

134 00 

892 32 1,017 13 

+ 124 81 

+ 17 83 149 8 


Record of Phosphorus Balance of Ammal 6 


Period 

P2O, in 
fooes 

PsOfi 

in 

urine 

P2O5 

in 

milk 

Total 

i\o, 

cxc reted 

Total 

P^()^ 

intake 

Balance 

per 

week 

Balance 

per 

day 


Green grass period 





gm 

gm 

gm 

fjTn 

gm 

gm 

f/W 

May 14-21 .. . 

510 19 

6 74 

193 08 

710 01 

689 43! 

-20 58 

-2 94 

“ 21-2S 

558 54 

6 46 

220 54 

785 54 

800 83 

+ 15 29 

+2 18 

28-June 4 

522 06 

9 50j212 87 

744 43 

783 85 

+39 42 

+5 63 


Green grass -|- bone meal period 


June 4-11 S45 64|ll 42 199 20|l,056 26 1,244 62 +188 36|+26 91 

11-18 1,013 47121 95|202 001,237 42 1,261 05 +23 63 +3 37 

18-24 939 44|16 89139 40jl,095 73 1,121 45 +25 72 +3 67 

It is apparent from all the data that green pasturage in the 
amount and character we allowed and unsupplemented with cal- 
cium salts will not maintain calcium equilibrium in cows pro- 
ducmg 30 or more pounds of milk daily. It is also probable that 
the kind of green forage supplied in these experiments was equal 
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to if not superior to most of the pasturage furnished dairy cattle. 
It must be remembered that these experiments did not include 
the possible influence of another potent factor^ now known to 
operate in maintaining calcium and phosphorus equilibrium in 
growing animals; namely, sunlight. All our experiments, includ- 
ing Experiment I, were conducted in the basement of a bam 
lighted only by diffused light, entering through partly opened 
windows with a north exposure. What the additional influence 
of direct sunlight, such as obtains in the summer pasturage of 
cattle, would be remains to be determined by future experiments. 
It seems inconceivable that cows of average milk production are 
in constant negative calcium balance under both summer and 
winter feeding conditions, but possibly such a condition does 
generally prevail and accoimts for the gradual lowering of milk 
flow as the period of lactation advances and certain other increas- 
ing troubles of dairymen, such as slowness to breed, weakness of 
offspring, etc. The longer periods of rest between succeeding 
lactation periods now recognized as essential for high producing 
dairy cows with their tendency to sterility, may have a direct 
relation to the need of mineral reserve building. 

Phosphorus equilibrium and even storage of this element took 
place in the unsupplemented period. The plane of phosphorus 
intake in this period was high — practical^ double the calcium 
intake — due to the generous provision of wheat bran in the ration 
fed. The fact that the phosphorus demands of dairy cows can 
be met by the use of grains, especially where wheat bran consti- 
tutes a liberal portion of the ration, is of considerable practicable 
moment. It means that the calcium supplement on green pastur- 
age need not necessarily be a phosphate, but can be the cheaper 
carbonate provided that no evidence accumulates showing that 
the continual ingestion of calcium carbonate is in any way de- 
leterious. Up to the present time there is no indication of a harm- 
ful action through the use of the carbonate for dairy cattle. 
Whether the remarkable increases in milk production observed 
by Meigs and Woodward (4) through the feeding of extra amounts 
of sodium phosphate are to be explained on the assumption that 
the phosphate served in the maintenance of phosphorus equilibriiun 

* For review of literature on the influence of radiant energy on rickets see 
Park (3). 
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of their animals or in some such capacity as Embden and Laquer's 
(5) lactacidogen remains unexplained. 

In the periods in which calcium phosphate was used to supple- 
ment the green grasses calcium equilibrium was maintained by a 
cow producing over 40 lbs. of milk per day (Animal 4), and storage 
occurred on a lesser daily milk production as in the case of Animals 
5 and 6. There was also a considerable apparent storage in the 1st 
week of the period following the change to the bone meal period, 
but this was due to the lag in the excretion of calcium following 
the increased ingestion of this element which is immediately 
calculated in the balance computations. This same fact is to be 
seen in Experiment I. The fact that the same animal in negative 
calcium balance could be changed to a positive balance when one 
of the factors influencing calcium assimilation was made to vary 
and the others were held constant — namely, through a constant 
but liberal supply of the vitamin assisting calcium assimilation 
but with increased calcium intake — ^makes it appear certain that at 
least in these cases negative calcium balances are not to be attri- 
buted to a nervous condition of the animal incident to the collec- 
tion of excreta. This latter theory has been suggested by Meigs, 
Blatherwick, and Cary (6) as an explanation of negative calcium 
balances observed by them and by Forbes and his associates (7) 
in experiments with dairy cows. 

In fact the whole phenomenon of the maintenance of calcium 
and phosphorus equilibrium in milking cows harmonizes with the 
recent observations on experimental rickets in small animals. 
These observations postulate the necessary presence in the ration 
of an ample supply of an organic factor (antirachitic vitamin) 
assisting calcium and phosphorus assimilation — or its equivalent 
or supplement in sunlight — and an ample supply in the ration of 
the elements calcium and phosphorus. Whether the two elements 
calcium and phosphorus must be in a fairly definite and narrow 
ratio for optimum assimilation is not finally settled by our data. 
There were periods of positive balance when the ratio of calcium 
to phosphorus was approximately 1:2 and other periods of positive 
balance when the ratio of calcium to phosphorus was approximately 
1:1, but our data in this respect are too limited for final con- 
clusions. However, it seems more than probable that a definite 
ratio of calcium to phosphorus is not so important as the pro- 
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vision of a liberal plane of each of these elements in the presence 
of an ample supply of the antirachitic vitamin. We do not anti- 
cipate physiological disturbances by the allowance of limited incre- 
ments of either elements above the minimum requirements. 

It is apparent that with cows producing 40 to 60 lbs. of milk per 
day supplementing the green plant tissue ration with 200 gm. of 
steamed bone meal per day was not liberal enough to establish 
definite calcium storage in all cases. It maintained equilibrium 
in three such cases of high production — Animals 1, 3 (Experiment 
I), and 4 (Experiment II), but in the case of Animal 2 (Experi- 
ment I) negative calcium balance prevailed even in the supple- 
mented period. Had the plane of calcium intake been raised 
possibly calcium equilibrium could have been obtained in all 
cases where the green grasses formed a considerable part of the 
ration. 

Without stressing too far a quantitative expression of the 
amount of calcium oxide required by dairy cattle for maintenance 
and milk production it would appear from our data that under the 
conditions of these experiments at least 4 gm. of CaO per pound 
of milk would be required and perhaps a safer figure would be 6 
to 8 gm. Approximately the same figure for P2O5 can be applied. 
We hope no one will conclude that we are attempting to erect a 
calcium and phosphorus standard for dairy cattle. This is im- 
possible until all the environmental factors operative in this 
problem have been studied, and even then only approximate 
figures should be expected. With some rations deficient in the 
vitamin concerned in this problem any quantity of calcium 
supplied would be insufficient. 

Phosphorus equilibrium and even storage of this element took 
place in the periods where bone meal supplemented the ration. 
This was true with all animals. 

SUMMARY. 

A survey of all our data on the use of green plant tissue as a 
part of the ration of liberally milking cows supports the idea that 
the maintenance of calcium and phosphorus equilibrium or the 
storage of these two elements can be accomplished only when such 
green plant material as we used is further supplemented with a 
calcium salt and where the presence of phosphorus is amply pro- 
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vided, as through the use of wheat bran. The fact that in the case 
of the cow a generous supply of the antirachitic vitamin can be 
provided through her liberal capacity for the digestion of bulky 
materials such as green plant tissue, makes it questionable whether 
we can expect a more efficient use of calcium and phosphorus 
through the additional provision of direct simlight, maintaining 
at the same time lower planes of intake of the two elements calcium 
and phosphorus such as exist under practical conditions during 
summer feeding on unsupplemented pasturage. In fact nothing is 
known of the relation of light to the maintenance of calcium and 
phosphorus equilibrium in mature lactating animals. This phase 
of the subject will be further investigated. 

Calcium and phosphorus equilibrium can be maintained in 
lactating cows when part of the ration is a green roughage, such as 
alfalfa with its liberal supply of calcium, and when phosphorus is 
supplied either in organic form such as exists in wheat bran or as 
a phosphate. 

Calcium and phosphorus equilibrium or storage in lactating 
cows can also be accomplished where the legume has been so cured 
as to preserve a liberal proportion of its antirachitic vitamin 
and with provision for plenty of phosphorus in the ration; but 
with the common grasses of ordinary pasture the calcium content 
will be too low even when fed in their green state (but out of 
contact with direct sunlight) to maintain calcium equilibrium in 
liberal milking cows or even m cows of average capacity. As in 
the case' of nitrogen so m the case of calcium and phosphorus, the 
lactating animal is extremely wasteful. 

As a tentative figure we suggest the provision of 6 to 8 gm. of 
CaO per pound of milk in the ideal ration of a dairy cow. An 
equal provision of P2O5 should be made. An ideal ration must 
provide an ample supply of the vitamin assisting calcium and 
phosphorus assimilation. 


BIBLIOGRAPHY. 

1. Steenbock, H , and Hart, E. B,, J, Biol Chem.y 1913, xiv, 69. Hart, E. B., 
Steenbock, H., and Hoppert, C A , Biol. Chem.f 1921, xlviii, 33. 
Hart, E. B , Steenbock, H , Hoppert, C. A., and Humphrey, G. C., 
J. Biol Chem , 1922, liii, 21. Hart, E. B , Steenbock, H., Hoppert, C. 
A , Bethke, R M., and Humphrey, G. C., J. Biol. Chem , 1922, liv, 75. 



Hart, Steenbock, Hoppert, and Humphrey 57 


2. Hart, E. B., Steenbock, H., and Humphrey, G. C., Wisconsin Exp. 

Station^ Research Bull. 49, 1920. 

3. Park, E. A., Physiol. Rev., 1923, iii, 106. Korenchevsky, V., Brit. Med. 

J.y 1921, li, 647. Goldblatt, H., and Soames, K. M., Lancet, 1922, ii, 
1321. Hume, E. M , Lancet, 1922, ii, 1318. Powers, G. F , Park, E. 
A , and Simmonds, N., J. Biol. Chem., 1923, Iv, 575. Hess, A. F., 
and Lundagen, M A , / Am. Med Assn , 1922, Ixxix, 2210. Shipley, 
P G , Park, E A , Powers, G F , McCollum, E V , and Simmonds, 
N , Proc Soc. Exp Biol and Med , 1921-22, xix, 43 Steenbock, H , 
and Nelson, E. M , J. Biol Chem , 1923, Ivi, 355 

4 Meigs, E. B , and Woodward, T E., U. S. Dept. Agnc., Bull. 945, 1921. 

5 Embden, G , and Laquer, F , Z physiol Chem , 1921, cxiii, 1. 

0 Meigs, E B , Blatherwick, N R , and Cary, C A , J Biol Chem , 1919, 
xl, 469. 

7. Forbes, E. B , Beegle, F M , Fritz, C M , Morgan, L E , and Rhue, S. 
N , Ohio Agnc Exp Elation, Bull 29i, 1916, Bull 308, 1917. Forbes, 
E B , Halverson, J 0 , and Morgan L E , Ohio Agnc Exp Station, 
Bull 330, 1918. 




FAT-SOLUBLE VITAMINS. 

XIV. THE INORGANIC PHOSPHORUS AND CALCIUM OF THE 

BLOOD USED AS CRITERIA IN THE DEMONSTRATION OF THE 
EXISTENCE OF A SPECIFIC ANTIRACHITIC VITAMIN.* 

By H. STEENBOCK, E. B. HART, J. H. JONES, and A. BLACK. 

{From thiB Department of Agricultural Chemistry ^ University of Wisconsin, 

Madison J) 

(Received for publication, September 24, 1923.) 

Howland and Kramer (1) in 1920 showed that during active 
rickets in children the inorganic phosphorus of the blood serum 
was materially reduced. The calcium content was not neces- 
sarily affected; sometimes it also was slightly reduced. Hess 
and Unger (2) confirmed these observations. Hess and Lundagen 
(3) furthermore demonstrated a seasonal tide in the inorganic 
phosphates of the blood parallel to the severity of the rickets. 
Von Meysenbug (4) and Gy orgy (5) also reported a decrease in 
inorganic phosphate. In rickety rats Kramer and Howland (6) 
and Gutman and Franz (7) have reported marked changes in 
the inorganic phosphates of the blood. Park (8) in his recent 
review of the etiology of rickets goes as far as to say that ^^The 
first detectable signs of rickets are probably a diminution of the 
inorganic phosphorus or calcium of the blood.’' Hess and 
Lundagen (3), however, report that in some cases of rickets no 
blood changes are demonstrable, and Hess and Unger (2) state 
definitely that while lowering of inorganic phosphorus generally 
results, it is not a specific for the disease. This fact we have 
had abundant opportunity to confirm in our experiments with 
dogs. From results published in the literature and from data of 
our own we are convinced that while a reduction of inorganic 
phosphate need not necessarily precede the incidence of severe 

♦Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station, Madison. 
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rickets, sooner or later in the course of the disease, such a reduc- 
tion results. 

When this reduction has taken place, with amelioration of the 
symptoms and cure of the disease, the composition of the blood 
is restored to normal. Kramer and Howland (6) showed that 
this was true for cod liver oil and light of short wave-length, less 
than 3000 Angstrom units. They worked with rats. Hess and 
Gutman (9) showed the same to be true for rickety infants ex- 
posed to sunlight. 

The above facts suggested to us the possibility of using the 
restoration of the normal composition of blood in rickety ani- 
mals as a criterion for the demonstration of the existence of an 
antirachitic vitamin as distinguished from vitamin A. Funk (10) 
as early as 1914 suggested the existence of a specific vitamin 
concerned with the prevention of rickets. Mellanby (11) from 
numerous experiments with dogs came to the conclusion that 
this antirachitic vitamin was vitamin A although from the general 
impression left with the reader he recognized the fact that his 
experimental data were suggestive rather than conclusive. Hess 
and Unger (12) presented facts which suggested strongly that 
the antirachitic substance was not identical with vitamin A^ 
but they were not convinced as to whether this was a vitamin 
or some other factor. McCollum, Simmonds, Becker, and 
Shipley (13) made use of the fact that in cod liver oil the anti- 
ophthalmic property can be completely destroyed by oxidation. 
The feeding of such cod liver oil to rats was, however, still able 
to cure rickets as demonstrated by the deposition of calcium at 
the hypophyseal junctions. Steenbock and Nelson G4) have 
shown that cod liver oil in which all vitamin A was destroyed 
was still able to restore growth in young rats when put upon a 
ration free from fat-soluble vitamins. They furthermore showed 
that this restoration of growth was of the same magnitude as 
that induced by light, a well known antirachitic agent. The 
experiments reported in the present paper give further support 
to the thesis that the antirachitic vitamin is distinct from the anti- 
ophthalmic substance because such cod liver oil was also found 
effective in restoring the inorganic phosphate of the sera of rachitic 
dogs and chickens to the normal. 
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EXPERIMENTAL. 

The first experiments were carried out with dogs. Five pups 
with the parent bitch were taken to the laboratory shortly after 
birth and raised in a dimly lighted room, the bitch being fed a 
cooked grain mash consisting of equal parts ground white com 
and rolled oats and whole milk ad libitum. This same ration 
was also accessible to the pups as soon as their desire for addi- 
tional food developed. 

When 4 weeks old and weighing from 1,170 to 1,340 gm. the 
pups were weaned and put upon our standard rickets-producing 
diet. This consists of the aforementioned grain mash autoclaved 
for 1 hour at 15 lbs. pressure; 200 cc. of centrifuged milk, also 
autoclaved for 1 hour; 5 gm. of precipitated calcium phosphate; 
2 gm. of sodium chloride; and 5 gm. of casein. The grain mash 
was given ad libitum. Distilled water was also given. On this 
ration we have never failed to produce rickets in any of our ani- 
mals provided that they were raised on the aforementioned 
laboratory diet and provided also that they were taken sufficiently 
yoimg. The importance of the nature of the diet on which the 
pups are raised and their age at the time that they are put on 
the experimental diet cannot be overemphasized. We are con- 
vinced that the great irregularity in the incidence of rickets in 
dogs and rats — like that of ophthalmia in these and other animals 
(15) — is due to the fact that the practise of picking up stray ani- 
mals or of raising them on laboratory rations of variable composi- 
tion is all too common. Hess, Weinstock, and Tolstoi (16) have 
already published data from preliminary observations on the 
influence of diet on refractoriness to rickets bearing on this point. 
Our observations, as yet unpublished, confirm their conclusions 
absolutely. For over 2 years we have been taking precautions 
designed to eliminate these influences. 

After 39 days on the experimental ration all the pups showed 
symptoms suggesting rickets. Upon being disturbed they 
would rise hesitatingly, often staggering and turning in a circle 
as though uncertain on which leg to rest their weight. Once on 
their feet, their behavior was fairly normal but from this time 
on, the behavior varied with the individual as shown in the pro- 
tocols. 
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The dogs were weighed weekly and observations on their 
general conditions taken daily, or as necessary. Blood samples 
were taken after 56 and 80 days on the experimental ration and 
analyzed for calcium by de Waard’s (17) method and for inor- 
ganic phosphate by the Bell-Doisy-Briggs (18) method except 
for the first analyses when the Marriott and Haessler (19) method 
was still being used. 

After 80 days on the experimental ration one dog, Dog 51, 
had died. Analyses showed that in those living the blood phos- 

TABLE I 


Change in Composition of Blood Serum of Dogs with Change of Ration 


Dog 

No 

Change of ration. 

Calcium per 100 oc 
of serum 

Phosphorus per 100 cc 
of serum 

Before change 

After 

change 

Before change 

After 

change 

56 days on basal 
ration 

80 days on basal 
ration 

24 days of aerated 
cod hver oil ad- 
ministration 

56 days on basal 
ration 

80 days on basal 
ration 

24 days of aerated 
coQ liver oil ad- 
ministration 



mg 

mg. 

mg 

mg. 

mg 

mg 

47 

1 CC. aerated cod liver oil. 

11 33 

1 9 43 

13.48 

7 21* 

4 66 

6 29 

48 

^ H H H l< iC 

10 54 

9 81 

1 11 30 

5 22* 

3.30 

5 99 

49 

22 << << << << 

10 24 

11 22 

11 58 

5 23* 

3 52 

6 90 

50 

None 

11 53 

10 00 


7 57* 

4 24 


51 

it 

10 73 



5 78* 




*Determined by the Marriott and Haessler method (19). 


phorus had been reduced materially. Calcium had also been 
reduced slightly in three out of four of the animals. The con- 
dition of the animals was such that a change was imperative. 
One was given 1 cc. of aerated cod liver oil daily, another 4 cc., 
and a third 12 cc. This was given with a pipette. One dog was 
kept as a control. The aerated cod liver oil was part of the same 
sample used by Steenbock and Nelson (14). As an antiophthal- 
mic it was entirely impotent as there reported. 

Table I shows the changes that took place in the composition 
of the blood, first as the animals were continued on the basal 
ration and second after the addition of aerated cod liver oil to 
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the diet. The blood was obtained by venepuncture of the 
external jugular. It was allowed to clot in a refrigerator and the 
sera were drawn off with a pipette within 24 hours. The sera 
were centrifuged to remove contaminating corpuscles before 
pipetting out samples for the analyses. 

In all the dogs an increase in calcium occurred with the cod 
liver oil treatment; but in one instance, that of Dog 49, the in- 
crease was not sufficient to be decisive. The inorganic phos- 
phates, however, show conclusively that the aerated cod liver 
oil, devoid of all antiophthalmic effect, was efficacious even when 
administered in 1 cc. quantity, as the daily portion, in restoring 
the inorganic phosphate to approximately normal. Just what 
the normal is for the dog is difficult to say; apparently, it varies. 
We have obtained values of 5 to 10 mg. for dogs on what were 
supposed to be good rations, and Buell (20) has reported values 
as high as 13 8 mg. (19.2 mg of II3PO4) — these latter being obtained 
by the Bloor method (21). It is certain that comparisons can 
only be made on the same animal and comparing our data in 
this way, the increase in inorganic phosphate, as determined by 
the Bell-Doisy-Briggs method, amounted to, respectively, 35, 
81, and 96 per cent. 

Data were also obtained on the composition of the bones of 
the animals as represented by the femurs at the time of ter- 
mination of the experiments. The femurs were dissected out and 
dried for a week at 96°C. They were then crushed in a screw- 
press and extracted first with alcohol for 18 hours and then with 
ether for an equal period of time in a Caldwell extractor. They 
were then freed from ether, weighed, and ashed in an electric 
furnace. 

Dogs 50 and 51 (both basal animals) gave values of, respec- 
tively, 37.81 and 34.38 per cent of ash. Dog 47 first on the basal 
ration alone, then with this ration plus 1 cc. of aerated cod liver 
oil, and later with 5 gm. of butter fat gave a value of 41.84 per 
cent. Similarly, Dogs 48 and 49, receiving first the basal ration 
and then, respectively, 4 and 12 cc. of aerated cod liver oil, gave 
values of 43.08 per cent in the case of the former and 40.46 per 
cent with the latter. All these results point to the ability of the 
aerated cod liver oil to induce calcium and phosphorus deposition 
in the bones. 
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Chart I shows the weight relations in the animals before and 
after treatment with the aerated cod liver oil as charted from the 
weighings, which were made weekly. With the onset of defi- 
ciency symptoms, growth was interfered with, which interference 
the cod liver oil was not able to correct. It is true that a 
slight response was obtained in the first 2 weeks but this was but a 
temporary one. These facts strongly suggested the possibility that 
while these dogs had been getting a sufficiency of the antirachitic 
vitamin, they were probably not getting sufficient vitamin A. 
To test out this supposition. Dog 47 was given 5 gm. of butter 
fat in addition to its cod liver oil. As^the curve of growth shows, 
increase in weight was very pronounced a little over 2 weeks 
later. The animal began to improve in condition rapidly and 
was practically normal in behavior and appearance about 4 weeks 
after the addition of butter fat to its diet was begun. 

It is significant that not only was the aerated cod liver oil 
in excessive dose unable to establish normal conditions completely, 
but in Dog 48 there developed a purulent rhinitis and in Dog 49, 
a keratitis, in spite of its use. As both of these conditions are 
often associated with vitamin A deficiency, they furnish addi- 
tional proof that the aerated cod liver oil used was free from this 
dietary essential. 

Protocols on Symptoms and General Behavior of Dogs after 
Various Intervals on Experimental Ration. 

Dog 47 — 39 days Upon being disturbed in the morning had difficulty 
in rising Lay on its side kicking Upon rising appeared dizzy, then per- 
fectly normal 4^ days At times dog was normal, then again it staggered 
when trying to walk 67 days Frequent spasms, moves about very little. 
No marked deformity of legs or thorax. 82 days No marked change. Dog 
can still walk and eats fairly well 1 cc of aerated cod liver oil given daily. 
92 days. Spasms observed daily 112 days 5 gm. of butter fat given daily 
114 days Spasm observed 132 days No spasms observed since previous 
notations. Increase in appetite. 143 days Dog very active Acts and 
appears normal. 

Dog 48. — 39 days. Rather inactive, staggers when first getting up, then 
appears normal 76 days Condition the same Quite active. 82 days. 
Spasms observed frequently. No marked deformities, but appetite is not 
very good. Given 4cc. of aerated cod liver oil daily. 94 days First spasm 
observed since cod liver oil was given. 106 days Purulent rhinitis. 114 
days. Dead. Lungs practically normal. 
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Dog 49 — S9 days. Rather inactive, difficulty in rising 61 days. Appar- 
ently weak in hind quarters. 67 days. Slight bowing of front legs. days. 
Can still rise on its front legs, but not on its hind legs. Animal rather thin 
and thorax somewhat deformed Spasms Given 12 cc. of aerated cod liver 
oil daily. 90 days Apparent improvement, more lively and spasms only 
occasionally. 109 days. Still unable to stand on hind legs IIS days. 
Exophthalmos on right side. Humors released upon application of slight 
pressure Keratitis as indicated by leucoma. No purulency. Lacrimation 
of left eye, otherwise normal. 114 days. Leucoma and exophthalmos of left 
eye 116 days Eyeball not ruptured. Given 10 cc of butter fat daily. 
120 days. More active, better appetite 122 days Dead One lung badly 
infected 

Dog 60 — 39 days When first disturbed in the morning, unable to arise, 
but aft3r staggering and usually turning in a circle its actions became per- 
fectly normal 4^ days. Abnormal condition more marked, but no deform- 
ity noticeable 67 days Occasional spasms, but more active than Dogs 
47, 48, 49, or 51 76 days Deformity of thorax distinctly noticeable Very 

lethargic, refused to eat 79 days Eyes inflamed 82 days Dead One 
lung badly infected 

Dog 61 — 4S days Walks with difficulty, cries when handled Only 
animal in series which was continually abnormal 66 days Near death in 
severe spasm Respiration restored artificially 80 days Found dead 
though spasms had not been observed for 2 weeks Lungs found badly con- 
gested. 

The second senes of experiments was carried out with twelve 
White Leghorn chickens weighing from 359 to G55 gm. Grown 
on the standard ration used for the University flock, they were 
transferred to our experimental ration of white com 97, calcium 
carbonate 2, sodium chloride 1, and skimmed (centrifugated) 
milk ad hbitum. This ration has been repeatedly found to lead 
to a condition of so called leg weakness or rickets in chickens (22) 
accompanied by a decrease in inorganic phosphorus of the blood. 

At the time of transference three chickens, weighing, respec- 
tively, 422, 455, and 547 gm., were killed for analysis of blood 
and bone for control purposes. 4 weeks later three more were 
killed as additional controls. They weighed 820, 457, and 648 
gm. and like the others were gradually losing in weight with 
the characteristic symptoms of leg weakness. Shortly before, 
they had weighed, respectively, 880, 542, and 662 gm. 

Six of the birds were given cod liver oil with a pipette. This 
was given daily. One received, 1 cc. of the untreated oil; two, 
1 cc. of the aerated oil; two, 3 cc. of the aerated oil; and one, 5 cc. 
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of the same. Except for these additions the diets were left 
unchanged. 

The aerated cod liver oil used had been prepared by the same 
method of aeration as that used for the dog experiments. A con- 
trol sample was tested for vitamin A on twenty-two rats. These 
had been brought down with ophthalmia in 6 to 7 weeks by 
maintenance on a purified synthetic ration of alcohol-extracted 
casein 18, salts 40 (14), 4, agar 2, yeast 6, and dextrin 70. Seven 
rats had incorporated in their diet 2 per cent of the aerated cod 

TABLE II 


Change in Composition of Blood of Chickens mth Addition of Aerated and 
Untreated Cod Liver Oil to Their Basal Ration. 


Chicken No 

Dietary addition 

Per 100 cc scrum. 

Inorganic 

phosphorus 

Calcium 



tnff 

mg. 

1163 

3 cc aerated oil. 

6 90 

18 06 

1190 

2 (1 (< (1 

7 62 

16 93 

5810 

^ << ti 

9 20 

22 57 

1189 

1 untreated oil. 

7 02 

20 03 

5810 

1 aerated oil. 

8 80 

18 06 

1186 

^ H (( it 

7 02 

18 06 

5801* 

None. 

4 42 

12 50 

5806* 

a 

4 28 

9 70 

1187* 

i i 

3 58 

10 90 

1167t 

i i 

4 87 

16 0 

5825t 

it 

4 31 

13 0 

5814f 

it 

4 63 

13 6 


^Controls killed when cod liver oil additions were made. 
tControls killed when the experiment was begun. 


liver oil; ten, 4 per cent; and five, 6 per cent. Close observation 
of the progress of the ophthalmias for 3 weeks showed progressive 
increase in the severity of the symptoms with death as a result- 
ant in many cases. We believe that we are justified in assum- 
ing that all vitamin A had been destroyed in this oil. 

Table II shows that the aerated cod liver oil was efficacious 
in increasing both the inorganic phosphates and calcium of the 
blood. In the comparison of the birds which received the cod 
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liver oil treatment with the controls, Nos. 5801, 5806, and 1187 
carry especial weight because their bloods were analyzed im- 
mediately before the cod liver oil administration was begun — 
the blood of the others had been taken previously. The data 
show that in the case of both the phosphorus and the calcium the 
amounts in the sera were practically doubled. This leaves open 
no question as to the effectiveness of the aerated oil. 

With the restoration of the blood of the birds to normal there 
occurred concomitantly a restoration of growth and amelioration 
of the symptoms of leg weakness in such of the birds where these 
prevailed. The growth curves are plotted in Chart II. In spite 
of the fact that growth was reinitiated by treatment of a cod 
liver oil free from vitamin A, it is not to be inferred that the bird 
does not need vitamin A, as had been stated by Sugiura and 
Benedict (23). In fact, we have unpublished data pointing to the 
exact opposite which confirms the recent observations of Emmett 
and Peacock (24). In the fii'st place the white corn-skimmed 
milk ration contained some vitamin A and in the second place it 
is probable that the chickens had considerable amounts of this 
vitamin stored away in reserve. This is probable because the 
birds were put upon the experimental ration at an advanced age 
and weight and had abundant opportunity to store this vitamin 
while still feeding upon the University stock ration. 

We believe that this furnishes additional evidence — in contra- 
distinction to the view generally held — that growth is not neces- 
sary to produce some, if not all, of the symptoms associated with 
rickets. For growth to be possible, it appears, as already shown 
by Steenbock and Nelson (14) for the rat, that the an^achitic 
factor must be provided in some form or other. 

What was shown for the bloods with respect to increase of 
phosphorus : nd calcium upon the administration of the aerated 
cod liver oil was also found true for the bones. At the time 
that blood samples were taken, the right tibias were also removed 
and dried at 96°C. They were thoroughly extracted with ether 
and alcohol, again dried, and then ashed in an electric muflBie. 
The first controls showed an ash content of 44.7 to 47.7 per cent, 
the second 48.9 to 52.2 per cent. By way of contrast those 
getting the cod liver oils, taken 13 weeks later, ranged in ash con- 
tent from 54.6 to 60.2 per cent with the one receiving the un- 
treated oil, standing intermediate at 56.1 per cent. 
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SUMMARY. 

By the administration of cod liver oil freed from vitamin A 
by aeration, the inorganic phosphate and calcium of the blood 
were restored to normal, and the ash content of the bones was 
increased. These facts are taken as additional justification for 
the propriety of speaking of the fat-soluble vitamins rather 
than of a fat-soluble vitamin as it lends support to the idea 
that the antirachitic vitamin is an entity distinct from vitamin A . 
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XV. CALCIUM AND PHOSPHORUS RELATIONS TO GROWTH AND 
COMPOSITION OF BLOOD AND BONE WITH VARYING 
VITAMIN INTAKE.* 

By R. M. BETHKE, H. STEENBOCK, and MARIANA T. NELSON. 

{From the Department of Agricultural Chemistry^ University of Wisconsin^ 

Madison ) 

(Received for publication, September 24, 1923 ) 

The data presented in this paper had their origin in the desire 
to determine if the rat is a suitable experimental animal for the 
study of the factors underlying the deposition of Ca and P in 
bone. Sherman and Pappenheimer (1) and McCollum, Sim- 
monds, Parsons, Shipley, and Park (2) have shown independently 
that abnormal bone formation does occur in this species when 
fed various faulty diets, especially diets low in antirachitic vitamin 
and either Ca or P. They used as their criteria the occurrence 
of deformation of the skeleton, especially the vertebrae and ribs, 
and the presence of abnormal histological pictures as presented 
by bone sections. Particular emphasis was always placed upon 
the nature of the observed abnormalities, especially whether or 
not they represented a duplication of the changes recognized in 
the infant as rickets. Much valuable information has been 
accumulated by the use of these methods, yet in themselves they 
have revealed an imperative need for technique which is more 
decidedly quantitative in nature. It accordingly appeared worth 
while to study, first of all, changes in composition of bone and 
secondly changes in the blood; the former with respect to total 
ash and the latter with respect to inorganic P and Ca. 

Data on the variations in the ash content of bones of rickets, osteo- 
malacia, and kindred bone diseases where the ash content is abnormal are 


* Published with the permission of the Director of the Wisconsin Agri- 
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already numerous. McCrudden (3) showed the ash content to be reduced 
in osteomalacia occurring in the human and the horse ; Gassmann ( 4 ) and 
Brubacher (6) found the same true for the bones of rachitic children; 
Telfer (6) and Mellanby (7), for dogs; and Elliot, Creichton, and Orr (8), 
for pigs. While data on the inorganic composition of rachitic rats as 
compared with normal individuals have been published by McClendon (9), 
Sherman and Pappenheimer (10), and McCann and Barnett (11), curiously 
enough, data on variations in the bones themselves are very limited 
McCollum, Simmonds, Kinney, and Grieves (12) have reported that 
rachitic bones of rats contain from 5 to 15 per cent less of ash — with the 
exception of the mandibles, which contained from 6 to 8 per cent more — 
than the normal 

Data on variations in the ash content of bones as the resultant of feeding 
low calcium diets are also extensive In most cases these diets have been 
carefully controlled as far as amount of calcium ingested was concerned, 
but m the light of present knowledge of nutrition it is questionable whether 
the results were not sometimes complicated by a deficiency of the anti- 
rachitic vitamin as well Iloloff (13) in 1874 observed that feeding a dog 
a diet poor in calcium caused a decided decrease in the calcium and phos- 
phorus of the bones He found upon analysis that 100 gm of tke fresh 
shoulder-blade bone contained only 6 3 gm of CaO and 4 9 gm of P2O6 
while a dog receiving the same diet with added calcium showed 28 6 gm 
of C/aO and 22 1 gm of P2O6 pei 100 gm of fresh bone Voit (14) in 1880, 
feeding dogs diets consisting of meat and fats with and without calcium 
additions, found that the dried humerus in a normal dog contained 19.13 gm 
of CaO and 15 1 gm of P2OS, and the one receiving a calcium-deficient diet, 
14 85 gm of CaO and 11 87 gm of P2O4 Dibbelt (15), feeding a dog on 
horse meat, carbohydrate (rice starch), and sodium chloride, found that 
the ash content of the humerus of a rachitic dog was decreased by approxi- 
mately one-third compared to that of a noimal Similar results were 
obtained by Aron and Sebauer (16) and Miwa and Stoeltzner (17) 

So far as is known to the authors there is no information available on 
changes of bone occurring upon feeding low phosphorus diets although the 
phosphorus content of the ration is one of the important determinants in 
normal bone calcification (Sherman and Pappenheimer, 1) 

Determinations of calcium and phosphorus on blood have been made for 
50 years Many different methods have been used and the results obtained, 
even on animals from the same species, have not been uniform It must 
be remembered, however, that many of the methods used were crude in 
themselves and in light of our present knowledge cannot be considered 
free from objectionable features Most of the determinations, as those 
of Abderhalden (18), Bunge (19), and others, required a large sample, 
which, according to our present day methods of experimentation, with 
smaller animals, are inapplicable and uneconomical. ’ To meet our present 
requirements, many methods, requiring but small quantities, have been 
devised rather recently The most outstanding are those of Bloor (20), 
Marriott and Haessler (21), and the Briggs (22) modification of the Bell- 
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Doisy method for phosphorus; and the Marriott and Howland (23), de 
Waard (24), Kramer and Howland (26), and Kramer and Tisdall (26) 
method for calcium. 

That calcium and phosphorus are not invariable constituents of the 
blood has been brought out by numerous attempts in the past few years 
to increase the amount found therein by the injection or feeding of their 
salts. 

Denis and Minot (27) found upon feeding calcium salts, in the form of 
calcium lactate, to man (6 gm. per day), cats, and rabbits (as high as 
1.0 gm. per day) that in most cases it is impossible to increase the concen- 
tration of calcium in the^ plasma by ingestion of calcium salts, but that in 
cats and rabbits where the initial concentration was low it was sometimes 
possible to increase it in the plasma. 

Clark (28) also attempted to determine, by various means, whether it 
was possible to produce a definite increase in the calcium content of the 
circulating blood and if so whether the increase was permanent or transi- 
tory He confined rabbits in metabolism cages and fed them a low calcium 
diet (equal parts of rolled barley and fresh carrots) with weekly injections, 
intravenous and subcutaneous, of calcium salts, in doses varying from 
19 to 63 mg of calcium. A second group he fed a high calcium diet of 
alfalfa, barlej^, and greens, and injected the animals every 5th day with 
varying doses (260 to 250 mg ) of calcium salts He observed that al- 
though most of the injected calcium, 80 to 90 per cent, was rapidly elimi- 
nated it* w'as possible to obtain a definite but transitory increase in the 
calcium content of the blood These findings were in agreement with the 
work of Heubner and Rona (29), who used a large number of cats as experi- 
mental animals, and with those of von Fenyvessy and Freund (30) who 
used rabbits. However, by feeding a high calcium diet consisting of 
4 parts of rolled barley, 1 part of alfalfa leaves, plus 2 per cent calcium 
lactate in the diet and the drinking water, Clark found that it was impos- 
sible to increase the calcium concentration of the blood of rabbits even 
though formerly on a low calcium diet. 

Phosphates have been injected by different investigators with varying 
results due to the fact that they show a toxicity Greenwald (31) found 
that he could increase the acid-soluble phosphorus of the serum as much 
as twentyfold without deleterious effect upon the animal The extent of 
the increase, before death set in, depended, however, upon the type of 
phosphate he injected He showed that the pyrophosphates were twice 
as toxic as the meta salts, while the ortho compounds exhibited the least 
effect. Also that the increase of phosphorus in blood by intravenous in- 
jections of salts of this element was only temporary Iversen (32), working 
with rabbits and guinea pigs, substantiated the findings of Greenw^ald (31) „ 
namely, that pyrophosphates were much more toxic than the meta salts, 
and that the ortho compounds possessed the least action This investi- 
gator also found upon intravenous injection of 100 cc. of 3 6 per cent 
Na 2 HP 04(12 H 2 O) a rise of acid-soluble phosphorus from 2.4 to 24 9 mg. 
per 100 cc of plasma. The increase declined immediately after cessation 
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of injection, although the decrease was relatively slow and many hours 
had to pass before a normal concentration was reached, since SJ hours after 
completion of injection the phosphorus content was still over twice as 
much as normal and not until the 7th hour was the normal approached. 
Similar attempts have been made by other investigators, but there are no 
expel iments, so far as we are aware, that show any permanent influence 
upon the inorganic phosphate of the blood or serum resulting from the 
injection or feeding of phosphorus in any form in excess. 

Observations of primary importance made by Iversen and Lenstrup (33) 
and Howland and Kramer (34) quite independently were to the effect that 
the phosphate phosphorus in the blood of rachitic children was reduced 
below the normal Howland and Kramer found that in non-rachitic in- 
fants the concentration of calcium was from 10 to 11 mg per 100 cc of 
serum, and of inorganic phosphorus, about 5 mg. During the period of 
active rickets the calcium concentration of the serum may be normal or 
slightly reduced, a result in agreement with that previously reported by 
Howland and Marriott (35). The inorganic phosphorus of the serum, 
however, is regularly reduced, in some cases to an extreme degree, for 
example to 1.0 mg , an observation further substantiated by the findings 
of Hess and coworkers (36). 

With the publication of these results it appeared to us that possibly 
the blood of rats might show similar changes and a rather extended senes 
of experiments was initiated varying the amounts of calcium, phosphorus, 
and antirachitic vitamin as supplied by cod liver oil Before these experi- 
ments were completed two publications appeared dealing with this same 
matter. 

In January, 1922, Gutman and Franz (37) reported the production of 
experimental rickets in rats fed on diets containing various amounts of 
calcium and phosphorus Upon an analysis of the whole blood they found 
in general a reduction in the inorganic pho.s]>hate of the blood parallel to 
the degree of severity of the rachitic lesions They reported that rats on 
diets containing 86 mg per cent phosphorus develop rickets with an aver- 
age for blood phosphate around 3 2 mg When as little as 75 mg per cent 
phosphorus were added to the diet, the rachitic lesions failed to appear 
>and the blood phosphorus averaged between 5 .5 and 6 0 mg 

In September, 1922, Kramer and Howland (38) reported the chemical 
examinations of the blood from rats used in t he experiments of McCollum, 
Simmonds, Parsons, Shipley, and Park They showed that the concentra- 
tion of the inorganic phosphorus and calcium of the serum could not be 
made to exceed the concentrations regaided as normal Further, that 
when the concentration of either calcium or inorganic phosphorus in the 
serum was low, it could be increased by increasing the amount of the 
respective element in the diet Also, when the inorganic phosphate of the 
serum w^as low it could be increased by fasting, the addition to the 
diet of phosphorus in organic or inorganic foim, or of various fats (the 
fish oils and butter fat), and by exposure to radiations of the requisite 
quality. The examinations of the blood also indicated that cod liver oil 
raised the calcium of the seiuin in the rat when it was low. 
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In considering the foregoing investigations, we find that con- 
siderable work has been done on the relation of diet to the com- 
position of bone and blood, with some evidence as to the possible 
factors which are operative in affecting the inorganic relations 
of the body tissues. However, a great deal of the work presented, 
especially the earlier researches, is subject to criticism in that the 
conditions under which the work was done were not well con- 
trolled. Also, there are no experiments, in so far as the writers 
are aware, which attempt to show the inorganic relations that 
exist within the blood and bone tissues of the same animal. With 
these observations and findings in mind, the authors concerned 
themselves chiefly with a study of the inorganic relations in the 
bloods and bones of rats when fed on various deficient diets. 

EXPERIMENTAL. 

Our first determinations consisted of analyses of the bones of 
rats fed a synthetic ration of purified food constituents to which 
had been added various amounts of skimmed or whole milk. 
The synthetic ration consisted of casein 18, salts 32, 4, yeast 2, 
agar 2, and dextrin 74. The casein was a commercial casein 
which had been hot alcohol-extracted for 1 week with daily changes 
of alcohol and then heated in thin layers at 96° for another week. 
The preparation of the salts and dextrin (39) has already been 
described. The yeast was a desiccated product previously tested 
for vitamin B content. 

The rats were individually confined in cages measuring 2 feet 
by 1 foot by 20 inches (height). Shavings were used as bedding. 
The milk supplied was pipetted out for each rat into heavy porce- 
lain dishes. The basal ration was fed ad libitum. Particular 
attention was paid to the age of the rats when started on account 
of the ability of the mammal to store the fat-soluble vitamins 
(40). They were all taken from our stock colony ^ — having been 
raised on our regular stock ration — at 21 to 24 days of age, and 
weighed from 45 to 68 gm. This stock ration had the following 
composition. 
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Stock Ration, 


Yellow corn 

72 

Oil meal . . 

15 

Crude casein 

5 

Alfalfa ... 

2 

Sodium chloride . . . 

0 5 

Calcium carbonate 

0 5 

Whole milk 

. ad libitum. 


Where less than four rats were finally used for the analysis of 
bone the missing rats had died from the dietary deficiency — four 
rats having been started in each experimental group. Bone 
analyses were considered of value on these animals after having 
been on the experimental ration because, varying with the amount 
and kind of milk fed, the rats had shown varying degrees of inter- 
ference with normal locomotion. This partook of the nature of a 
peculiar shambling gait with more or less stiffness apparent in the 
hind quarters and what might be assumed as an attempt on the 
part of the animal to rest lightly on its feet. Such animals were 
also often observed to object to being handled and when forcibly 
lifted by the tail would often squeal with pain. Ophthalmias and 
respiratory disturbances were also evident in many of the animals, 
sometimes very early in the experimental period. 

The rats were killed by means of ether and the two femurs and 
humeri dissected out from the fresh tissue. They were dried at 
96°C. for 2 days, scraped free from adhering tissues, crushed 
between the jaws of a large pair of pliers, and quantitatively 
transferred to an extraction thimble for ether-alcohol extraction. 
This extraction is absolutely necessary previous to the ashing as 
the bones of animals vary so much in lipoidal and fat content even 
when taken from animals on the same ration that the accuracy of 
percentage values is seriously interferred with if omitted. The 
extraction was carried out in a Caldwell extractor first with hot 
95 per cent alcohol for 18 hours and then with U. S. P. 1910 ether, 
which contained about 2 per cent alcohol, for another 18 hours. 
After the extraction the bone residue was dried at 96° for 1 hour, 
carefully weighed, and then incinerated in an electric muffle 
furnace for 3 hours. The percentage of ash was calculated on the 
alcohol-cther-extracted basis. 



Bethke, Steenbock, and Nelson 


77 


The results of these analyses are presented in Table I. They 
show a fairly clean cut correlation between the amount of fat- 
soluble vitamins or at least of milk and the occurrence of motor 
disturl: ances on the one hand and deficient ash content of the 
bones on the other. 

The results were sufficiently encouraging to warrant the laying 
of a broader foundation for further experimental work. First 
of all it was evident that data on normal animals had to be ob- 
tained especially where the age factor — one of the most important 
ones in bone calcification — was under control. For this, young 
healthy stock rats 24 days of age and weighing from 45 to 65 gm. 
were weaned' and used immediately or continued on the stock 
ration until they reached the desired age and weight. In addition 
to these, three large rats weighing 375 to 425 gm., fully mature 
though showing no signs of senility and in excellent condition, 
were likewise killed. Data on their age were, however, not 
available. 

With the above mentioned animals analyses of the blood as 
well as of the bones were made. For this purpose it was necessary, 
especially with the younger animals, to pool the blood samples as 
otherwise not enough was available for the determinations. This 
was furthermore advantageous as we were desirous of getting 
average values such as it was contemplated to obtain later on the 
experimental rations. 

To obtain blood samples the rat was anesthetized in a jar with 
ether and then fastened to a board by spring clips clamped on its 
legs. Either carotid was laid bare, doubly ligated near the head, 
and a small weight attached to the proximal ligature. The carotid 
was then cut between the ligatures and the operating board with 
the animal placc^d in a vertical position. By means of small 
scissors the carotid was then cut into and the blood collected in a 
centrifuge tube with gentle pressure on the abdomen. No 
difficulty was experienced in getting good samples. After bleed- 
ing, the bones were obtained as already described. Due to the 
large numbers of animals involved not all the femurs and humeri 
were analyzed; only four animals were taken for the first three 
groups, three for the next, and two for the last. The blood 
samples were allowed to stand overnight in the refrigerator, 
the serum was then pipetted off, centrifuged to remove con- 
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per rat per day. Humerus 66 21 peared to be in good condition, with 
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I autopsy three of the animals showed 

congested lungs. 
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taminating corpusdes, and analyzed at once for calcium by de 
Waard’s (24) method, and for inorganic phosphate phosphorus 
by the Briggs (22) modification of the Bell-Doisy method. 

The results are tabulated in Table II. The bones show a 
progressive increase in percentage of ash which had not reached 
the maximum after 66 days when it totalled 59 to 60 per cent. 
The analyses within the groups were markedly uniform. None 
showed a greater variation from the average, plus or minus, than 

TABLE II 


Effect of Size cLnd Age of Animal on the Composition of Blood and Bone, 





Blood 


Bone 



Weight 

animals 

Age 

No of 
ani- 
mals 

Calcium per 100 
cc serum 

Phosphorus per 
100 cc serum 

No of 
ani- 
mals 

Type 

Ash 

Remarks 

gm 

days 


mg 

vig 



per cent 


45-60 

24 

9 

13 64 

10 10 

4 

Femur 

Humerus 

44 97 

45 49 

Taken at age 
ready for ex- 
periment. 

80-100 

35 

12 

11 70 

9 42 

4 

Femur 

Humerus 

49 44 
51 31 

On stock ration 
11 days. 

130-175 

52 

8 

11 47 

9 34 

4 

Femur 

Humerus 

56 50 

57 12 

On stock ration 
28 days 

200-275 

66 

6 

11 66 

9 08 

3 

Femur 
Humerus. | 

59 54 
59 31 

On stock ration 
42 days. 

375-425 


3 

10 50 

8 89 

2 

Femur 
Humerus . 

66 15 
66 17 

Stock rats (no 
record of age) 


5.2 per cent. In most cases the variation was even less than 2 
per cent. 

The composition of the blood serum appears to be fairly con- 
stant in later life but in the very young, both calcium and phos- 
phorus are high. For calcium it has been reported by Mdgs, 
Blatherwick, and Cary (41) that the percentage in the plasma of 
calves decreases with age; for inorganic phosphorus on the other 
hand an increase was recorded at least up to 6 months. 
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When these analyses were completed there were available for 
analyses rats which had been on experiments designed to test out 
the comparative availability of calcium and barium salts. These 
rats had been fed casein 18, agar 2, cod liver oil 2, yeast 2, salt 
39 (42), 2.4, and dextrin to 100 as a basal ration, as already 
reported (42). One group was fed the basal ration only, another, 
the same with the addition of 0.4 per cent CaS04, a third, with 
0.3 per cent Ca3(P04)2, a fourth, with 0.8 per cent Ca lactate, a 
fifth, with 2.0 per cent BaS 04 , and the last, with the basal ration 
modified to the extent that 4 per cent of salt 32 were substituted 
for salt 39 and 2 per cent of BaS04 were added in addition. All 
the enumerated Ca salts were added to supply an equal amount of 
calcium, approximately 0.1 percent. The barium sulfate was fed 
at a 2 per cent level on an entirely arbitrary basis to determine its 
assimilability. 

As far as growth is concerned it will be noted from Table III 
that the behavior of the animals was fairly uniform where Ca salt 
additions were made to the basal ration irrespective of the form 
in which it was added, BaS 04 appeared to have no depressant 
effect except when fed without simultaneous Ca additions. This, 
however, was apparently not due to the barium but due to the 
fact that in the latter group the animals did not have a sufficiency 
of fat-soluble vitamin as evidenced by earlier incidence of ophthal- 
mias. Though the same basal ration was fed in both cases the 
BaS 04 group was fed at a later date and slight variability of 
vitamin stored by the animal (40) as well as decreased vitamin 
content of the cod liver oil may have been responsible. 

We are particularly interested in the fact that with the uni- 
formity of growth and well-being in the animals receiving Ca 
salts the bones and bloods are also, respectively, fairly uniform 
in total ash and Ca and P content. Where no Ca was added the 
ash content is very materially reduced and the Ca of the blood is 
slightly reduced. The phosphorus on the other hand showed no 
variation. These facts all appear in harmony with the com- 
position of the ration as it was deficient in calcium, contained 
plenty of phosphorus, and not a sufficiently reduced content of 
antirachitic vitamin to depress the inorganic phosphorus. 

From the foregoing experiments it was seen how the composition 
of the bones can be definitely related to age and calcium content 
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of the diet. The variations seemed to be pronounced. In com- 
parison, the composition of the blood appeared to remain remark- 
ably constant, especially considering the extent of change of diet. 
To study these relations in greater detail with respect to the 
minimum requirements of Ca and P with the addition of varying 
amounts of antirachitic vitamin furnished as cod liver oil, was the 
object of the next two series of experiments. 

In the first series, the calcium series, the cod liver oil and calcium 
were each fed at different levels with the phosphorus remaining 
constant. In the second series, the phosphorus series, the calcium 
was kept constant and the cod liver oil and phosphorus were 
varied. Calcium was furnished as the carbonate, and phosphorus 
as a neutral mixture of the mono- and disodium and potassium 
phosphates. 

In both cases, four to six rats were kept in a group confined in 
our standard laboratoiy cages provided with false screen bottoms. 
They were given distilled water ad libitum and fed a basal diet 
consisting of casein 18, agar 2, yeast 4, with varying amounts of 
salts and cod liver oil, and dextrin to make 100. The casein was 
a commercial casein which had been extracted repeatedly for a 
period of 7 days with daily changes of 0.2 per cent HCl to remove 
excess of calcium and phosphates and then with hot alcohol 
for a week to remove fat-soluble vitamins. We cannot subscribe 
to the emphatic statement of McCollum, Simmonds, Shipley, and 
Park (43) that extraction with 0 2 per cent of acetic acid and then 
drying at about 75° removes all demonstrable amounts of any 
vitamins and represents a method far preferable to alcoholic 
extraction. We have employed hot alcohol extraction with great 
success and in our opinion this represents a more rational treat- 
ment than extraction with 0.2 per cent acetic acid, a solvent in 
which the fat-soluble vitamins are not soluble. In some experi- 
ments we have adopted the additional percaution of heating our 
casein in thin layers in pans at 96° for 1 week as already stated. 
The agar was a commercial agar purified by extraction with 0.1 
per cent HCl for 1 week and then washing with distilled water till 
neutral. The yeast and cod liver oil w^ere of known vitamin 
content. The latter was added weekly to the rest of the ration as 
needed, in order to keep the amount of antirachitic vitamin 
approximately constant, as we have shown that on standing in 
contact with the ration pronounced deterioration occurs. 
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For the calcium series it was necessary to have a salt mixture 
free from calcium and yet furnishing enough of all other con- 
stituents. Such a salt mixture was constructed on the basis of 
salt 40 (44), omitting both the calcium phosphate and lactate and 
increasing the sodium and potassium phosphates in order that the 
phosphate intake might not be disturbed. In adjusting this, both 
the sodium and potassium phosphates were increased, keeping the 
ratio between sodium and potassium the same as before. In 
addition to this the mixture was made neutral by furnishing part 
of the required phosphorus as the monobasic sodium and potas- 
sium salts. This adjustment was made by actual test on the salts 
available, using brom-thymol blue as indicator. The resulting 
salt mixture, known as salt 43 had the following composition. 



mols 

gm 

NaCl 

4 

233 6 

MgS04 7 H 2 O 

1 

246 

Na^HPO. I 2 H 2 O 

1 2 

429 2 

NaH2P04 4 H 2 O 

0 6 

115 2 

K2HPO4 

4 8 

835 2 

KH2PO4 

2 4 

326 4 

Fe2(C6H607)-6H20 

0 1 

59 8 

KI 

0 01 

7 6 


It was dried, ground, and fed usually at a 4 per cent level 
though the amount was slightly varied with differences in moisture 
content for each quantity prepared. The actual amount fed was 
based on the intake of the various constituents, outside of calcium, 
with 4 per cent of salt 40 which has repeatedly been found to 
produce good growth when conditions were otherwise favorable. 
Calcium as the carbonate was added from 0.125 to 2 per cent of 
the ration. 

The groups were allowed to remain on their respective rations 
until such time when it was thought that maximum changes could 
be expected before secondary complications and death would set 
in. The animals were bled in groups, as before, and the blood 
from each lot was pooled and the serum analyzed, as previously 
stated. For bone analysis, the two femurs and humeri were 
dissected out from representative animals of the groups with 0, 
1.0, and 2.0 per cent CaCOa additions. In case the group con- 
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tained four animals, two (usually the highest and lowest in weight) 
were saved; while if six rats appeared in the group, three (lowest, 
medium, and greatest in weight) were saved and treated as 
formerly described. 

In the phosphorus series the animals received a similar ration 
except, of course, for the salt ingredients. In order to obtain 
comparable results the modifications were made on the basis of 
salt 43, introducing calcium in sufficient amount as the carbonate. 
As a phosphorus-free mixture was desired for the basal mixture, 
the sodium and potassium phosphates had to be withdrawn, but 
as it was not thought desirable to reduce the intake of sodium 
and potassium or change the proportion in which they occurred 
in the ration the amounts withdrawn as phosphates were replaced 
as chlorides. Furthermore, to prevent excessive salt concentra- 
tion with addition of the phosphates in the series the amount of 
chlorides added was adjusted to keep the sodium and potassium 
constant. To meet all these conditions three separate salt mix- 
tures were compounded. Salt 44 contained the basal constituents, 
salt 44a the sodium and potassium chlorides, and salt 44b the 
neutral phosphate mixture as used in salt 43. They had the 
following composition. 


Composition of Salt Mixtures. 


Salt U- 


Salt J^a. 

Salt Ub. 


Sodium chloride 23 38 

Sodium chloride 11 69 

Na 2 HP 04 l 2 H 20 

42 92 

MgS04 7 H 2 O 

24 60 

Potassium chlo- 

NaH2P04.4H20 

11 52 

CaCO, 

45 00 

ride 59 56 

K2HPO4 

83.52 

Feme cit- 
rate 6H2O. . 

Potassium io- 

. 5.98 


KH2PO4 

32 64 

dide 

0 16 





In practise salt 44b had to be dried so it could be ground. The 
same object was accomplished by drying the disodium phosphate 
at room temperature because in the oven a melt resulted which 
made desiccation without excessive heating difficult, if not im- 
possible. The air-dried phosphate was then mixed with the 
others. Drying reduced the weight of 170.6 gm. of the mixture 
22 gm. which was allowed for in the amount of the salt weighed out 
for 100 parts of the ration. 
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Six different phosphate additions, viz. 0.53, 1.06, 1.59, 2.12, 
2.65, and 3.18 gm. per 100 gm. of ration, were made and fed in 
addition to the basal ration without phosphate addition. Cor- 
responding to the above groups there were fed 2.28 gm. of salt 44a 
for the basal lot and 2.28, 1.90, 1.52, 1.14, 0.76, and 0.38 gm., 
respectively, for the others with the exception of the last where 
no additions were necessary as the required sodium and potassium 
were furnished by the phosphate. 

In the calcium senes, the first observations of interest are the 
differences in growth resulting on the various rations as the amount 
of fat-soluble vitamins and Ca is varied. Chart I shows that even 
with the addition of abundant calcium, growth is impossible and 
in fact does not vary with the different lots. The Ca content of 
the basal ration had been reduced by the processes of extraction 
to 55 mg. for 100 gm. of ration. The growth on this was of the 
same order of magnitude as the others, but it is not shown on the 
chart because the animals were killed at the end of 2 weeks for 
blood and bone analyses. It is noteworthy that while little 
growth resulted in any case most of the rats maintained themselves 
from 6 to 8 weeks before signs of vitamm A deficiency appeared; 
in fact, only ten instances of ophthalmia were observed by the 
time that the animals were killed. This indicates that vitamin 
A deficiency was not the dominant deficiency, but that probably 
lack of the antirachitic vitamin was responsible for the lack of 
growth because Steenbock and Nelson (44) have shown that illu- 
mination with ultra-violet light will restore normal growth m such 
rats. 

Chart II presenting the growth of the rats on the basal ration 
when supplemented with 0.1 per cent of cod liver oil shows that if 
sufficient Ca is added noniial growth can be obtained for at least 
10 weeks. Up to 1.0 per cent of CaCOs addition, giving with the 
basal ration an intake of 455 mg. of Ca per 100 gm. of ration, 
the amount of growth increased with calcium additions. Beyond 
that, if as much as 2 per cent of CaCOs were added, growth was 
again definitely depressed. This was the experience uniformly 
found in all the groups. Whether this is dependent on acid-base 
balance or actual depressant action of excess calcium we are unable 
to say, but it apparently is a fact without question as we have 
observed similar occurrences upon feeding such amounts of CaCOa 
in other series of experiments. 
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Charts III, IV, and V bring out relations which are apparently 
significant. They indicate, in comparison with Chart II, that 
while with the same cod liver oil intake increased growth may 



Chart I. 


result as the calcium intake is increased, the same result may be 
obtained by keeping the calcium constant and increasing the cod 
liver oil. This shows that vitamin requirement and Ca require- 












88 


Fat-Soluble Vitamins. XV 


ment are quantitatively interdependent. A suggestion of this 
fact was obtained in the experiments of Steenbock, Hart, Sell, 



Chart II. 


and Jones (42) where it was observed that on a uniform cod liver 
oil intake, irregularities in growth were observed with low cal- 
cium but not with high calcium rations. At that time^the fore- 
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going explanation could only be suggested because the high cal- 
cium rations were made up more frequently and therefore the 
vitamin content imdoubtedly suffered less deterioration on stand- 
ing. This objection does not hold in the present trials because 
all rations were made up weekly. 

In this connection it is interesting to speculate if after all it is 
not possible that many of the beneficial effects of Ca feeding have 



had their origin in calcium vitamin relations. With low vitamin 
content of the ration, increased calcium ingestion may be decidedly 
beneficial when in n^ality the deficiency may primarily be that of 
the antirachitic vitamin. We refer here particularly to the single 
plant ration experiments of Hart and coworkers (45) where, 
upon feeding wheat straw and oat straw to cows, disturbances in 
reproduction were corrected by Ca additions. 
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In Table IV are shown the variations in composition of the 
bones. They can be interpreted best by reference to Tables V 
and VI which give the ages and weights of the animals when the 
samples were taken. As we have already indicated how the ash 
content varies with the age of the rat, naturally the ash content of 



Chart IV. 

the series not receiving cod liver oil additions would be low, because 
the samples were taken after 2 to 8 weeks feeding while the others 
with two exceptions were taken after 13 to 17 weeks. The data 
are limited, yet they show that in the absence of additional 
vitamin, Ca additions had only a minimal effect in increasing, 
mineral deposition in the bones. These rats were kept as long as 
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possible on the experimental ration, but in the absence of growth, 
Chart I, the ash content remains practically what it must have 
been or with a possible slight reduction from what it was when 
these animals were started on the ration. See Table II. 



Absence of Ca with excess of cod liver oil has the same effect. 
Though these animals were taken after 2 to 17 weeks on the ration 
with a variable cod liver oil intake of 0 to 4 per cent the ash con- 
tent was remarkably uniform. With 2 or 4 per cent of cod liver 
oil after 7 weeks the ash content was the same as it was at 2 weeks 
with no cod liver oil addition or at 17 weeks with 1 per cent of 
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* Taken at end of 2 weeks. 

t Radiated for 10 minutes daily (except Sunday) with ultra-violet liglit for last 11 days of experiment. 
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cod liver oil. Yet 1 per cent of cod liver oil allows perfectly 
normal growth to take place for at least 4 months when 0.25 per 
cent of CaCOs is added, as shown by the final weight of the animals 
taken when killed. Table VI. 

TABLE V 

Showing the Time {in Weeks) the Various Groups Were Allowed to Remain 
on Their Respective Rations — Rations in the Calcium Series. 


Ca’cium Percentage of rod hver oil additions 

car* onate 


additions 

0 

0 1 

0 2 

0 5 

I 0 1 

2 0 

4 0 

per cent 

0 

2 

13 

15 

16 

17 

7 

7 

0 125 

6 

13 

15 

16 

17 

16 

15 

0 250 

6 

13 

15 

16 

17 

16 

16 

0 500 

7 

14 

15 

16 

I 17 

16 

16 

1 00 

7 

1 14 

15 

16 

17 

16 

16 

1 50 

7 

14 

15 

16 

17 

16 

16 

2 00 

8 

1 14 

1 

15 

16 

17 

16 

15 


TABLE VI 

Showing Average Weight of the Rats {in Grams) at the Time of Bleeding in 

the Calcium Series. 


Calrnjrn I Percentage of cod liver oil additions 


car Don a le 
additions 

0 

0 1 

0 .> 1 

1 

0 5 

1 10 

1 -0 1 

[ 4 0 

per cent 

0 

45 

70* 

91 

113 

j 

108 

98 

« 

0 125 

41 

94 

97 

145 

165 

164 1 

155 

0 250 

46 

102 

124 

202 

194 i 

206 1 

195 

0 500 

50 

145 

1 156 

206 

210 

222 ; 

205 

1 00 

59 

167 

132 

190 

249 

197 

171 

1 50 

57 

170 

138 

164 

198 j 

185 

159 

2 00 

62 

135 

120 

163 

198 

193 

152 


* Radiated. 


With both calcium and cod liver oil additions bone calcification 
was apparently normal when 1 per cent of CaCOa and 0.1 per cent 
of cod liver oil were added. The ash content was as high as when 
these constituents were increased, respectively, to 2 and 4 per cent. 
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In Table VII are shown the data on the composition of the blood 
with respect to calcium and phosphorus. Here, as in case of the 
bones, Ca additions without the simultaneous addition of vitamin 
had no effect. (This also harmonizes well with the observed 
growth, Chart I, which was remarkably uniform throughout this 
series.) With vitamin additions, however, the situation changes. 
With 0.1 per cent cod liver oil the maximum calcium content is 
reached with 0.5 gm. of CaCOs, and as the amount of cod liver oil 
increases there is indicated a tendency for the required amount 
of carbonate addition to be decreased. These observations har- 
monize with the growth relations already discussed which brought 
out the fact that no amount of Ca added to the basal ration with- 
out vitamin addition was effective in increasing growth, but when 
cod liver oil was added progressively in increasing amounts, less 
and less Ca was required for normal growth. To this extent there 
is established a parallelism between growth and Ca concentration 
of the blood. Apparently an excessively high Ca concentration 
cannot be produced by excessive Ca and cod liver oil ingestion. 

The inorganic phosphorus of the blood apparently is more 
stable under the experimental conditions adopted which prob- 
ably is to be explained by the fact that the phosphorus content 
of the diet was sufficient even in the first experiments of the series. 
In general, however, inspection of the table reveals a tendency 
for the phosphorus to be reduced as the calcium increases. This 
suggests a depressant effect of the calcium oti the solubility of the 
inorganic phosphates. As already pointed out, bone analyses 
did not show similar variations so that no matter how suggestive 
our data may be we have no absolute evidence that variation in 
ratio of Ca to P is of primary importance in bone formation as 
maintained by McCollum, Simmonds, Shipley, and Park (43). 
Indirectly this undoubtedly has some effect, but the relation of 
mere concentration of elements in the Idood stream to Ca and P 
deposition in bone is far from simple. When first pointed out by 
Howland and Kramer (34) and Iversen and Lenstrup (33) the 
reduced P content of blood serum in rickets offered a suggestion as 
to the possible mechanism of poor bone formation, but skeletal 
changes are not always simultaneously incident with changes in 
composition of the blood. In fact, the concentration of P as 
inorganic phosphates may be normal in very severe rickets.^ 


* Unpublished data. 
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TABLE VII. 


Blood Analysis, 

Calcium Series; t.e., Varying Calcium and Cod Liver Oil with 
Phosphorus Constant. 


Calcium 

carbonate 

additions 

Ca and P 
in 100 gm ration 

Approxi- 
mate ratio 
of Ca 
to P in 
ration 

Percentage of cod liver oil additions 

0 

01 

0 2 

05 

1 0 

20 

4 0 



Milligrams of calcium per 100 cc. of 

serum. 



Tier cent 


mg 


mg 

mg 

mg. 

mg. 

mg 

mg 

mg. 

0 

Ca . 

. . 55 

1:12 

10 95* 

10 36t 

9 30 

6 24 

8 31 

10 09 

8 53 


P .. 

. 655 









0 125 

Ca 

105 

1:6+ 

8 75 

8 26 

9 57 

8 60 

9 69 12 04 

11 34 


P . 

. 655 









0 250 

Ca . 

.. 155 

1:4+ 

9 62 

10 22 

10 26,11 24 12 46 

12 60 

12 88 


P . 

655 









0 500 

Ca 

. . 255 

1*2 5+ 

7 87 

11 65 

12 48 

11 52 12 18 

11 76 

12 60 


P 

655 








1 

1 00 

Ca 

455 

1:1 5+ 

7 29 

11 51 

12 48 

11 66 

11 3611 48 

112 32 


P 

655 









1 50 

Ca 

655 

1.1 

8 74 

11 65 

12 20 

11 79 12 04 12 04 

13 16 


P 

655 

i 








2 00 

Ca 

. 855 

1-0 75+ 

Lost. 

11 65 

12 48 

11 79 11 77 

12 32 

12 74 


P 

655 1 










Milligrams of inorganic phosphorus p>er 100 cc of serum. 


0 


Ca 

55 

1, 

.12 

10 

63* 

9 

52 1 

9 

75 

10 

10 

10 

20 

9 

90' 

9, 

.12 



P . 

655 








i 

1 









0 

125 

Ca 

105 i 

1 

6+ 

I 8 

93 

9 

90 

9 

61 

9 

70 

9 

80 

8 

47 

7 

87 



P 

655 











I 






0 

250 

Ca 

.155 i 

1 

4+ 

9 

09 

9 

52 

9 

75 

9 

00 

9 

61 

8 

33 

8 

06 



P 

655 1 

















0 

500 

Ca. 

255 

1 

2 5+ 

10 

00 

8 

13 

8 

26 

8 

06 

9 

17 

7 

87 

7 

20 



P 

655 



1 












1 


1 

00 

Ca 

455 

1 

1 5+ 

8 

77 

8 

47 

9 

75i 

7 

75 

8 

33 

7 

19 

7 

93 



P .. 

655 








i 









1 

50 

Ca 

655 

1 

1 

6 

33 

9 

75 i 

8 

54 

7 

40 

7 

73 

8 

78 

7 

66 



P 

. 655 j 














i 



2 

00 

Ca 

855 1 

1 

0 75+ 

Lost 

8 

20 

8 

93 

7 

19 

7 

63 

8 

09 

7 

90 



P.... 

. . 655 


















• Radiated 10 minutes daily with ultra-violet light for the last 11 days 
of the experiment. 

t Taken after being on diet for only 2 weeks. 
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Growth curves of the animals in the phosphorus series are shown 
in Charts VI and VII. Chart VI shows that as the amount of 
cod liver oil is increased up to an intake of 0.5 gm. per 100 gm. of 
ration, practically noimal growth is obtained. This indicates 
that with casein as the protein, fed at a level of 18 per cent of the 
ration, the phosphorus cannot be sufficiently reduced to cause 



nutritive failure. Even with lower levels of cod liver oil intake, 
increase of phosphate does not lead to increased growth. This 
is shown in Chart VII. In fact, on the basal ration without cod 
liver oil additions the highest phosphate addition showed depres- 
sion of growth as compared with no addition. Both these groups 
were started at the same age and within 4 gm. of the same average 


THX JOXJBNAL OF BXOX.OCIXCAL CHBUXBTRY, VOX. LVIIl, NO 1 
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weight, yet the former (for the six animals in the first 4 weeks) 
showed an average gain of 15 gm. as compared with 33 gm. for 
the latter. 

The bones of the animals in the phosphorus series show nothing 
of significance with respect to ash content (Table VIII). There 
is a general tending to an increase in ash content with increase of 
cod liver oil additions, but this is undoubtedly to be explained 
by the relative ages of the animals as shown in Table IX. Those 
with little or no cod liver oil in the rations had to be killed early, 
due to rapid failure from ophthalmia and respiratory infections. 

TABLE VIII 

Percentage of Ash in Bones (Alcohol-Ether-Extracted) from Animals in the 

Phosphorus Series Where the Calcium Remained Constant with Varying 
Amounts of Phosphoius and Cod Liver OiL 

A p* 

proxi- Percentage of cod hver oil additions 

Ca and P mate 

inlOOgm ratio of Type of bone 

ration Ca to P 

in 0 0 1 02 05 

ration 

mg 

Ca 447 1.0 12 Femur 39 78 57 86 57 32 61 29'60 32158 94 

P 55 Humerus. . 43 36 57 20 57 90 61 54 61 17 59 76 

Ca 447 1:0 8 Femur .50 24*57 34 57 95 61 52 59 1162 72 

P .355 Humerus 50 85 58 0258 51 62 1261 1963 23 

Ca 447 1-1 5 Femur 44 33 |57 97,58 6159 15 61.1763 21 

P 655 Humerus 45 58 j57 99|59 63|60 59[61 67j63 37 

• Radiated for 10 minutes daily (except Sunday) with ultra-violet light 
for the last 21 days of the experiment 

Blood analyses also are not especially significant, Table XI. 
The inorganic phosphorus is practically constant except where no 
phosphates or cod liver oil were added. Calcium is consistently 
depressed where no cod liver oil was added, with apparently the 
greatest depression where the most phosphate was given. These 
results support the fact that casein carries enough phosphorus for 
maintenance of normal composition of the blood as well as growth. 
This is not to be considered the maximum, however, as is indicated 
by the results obtained by exposing the rats to ultra-violet light. 
The phosphorus promptly increased 18 per cent over the highest 



Salt 

44b 

addi- 

tions 


per cent 
0 


1 59 


3 18 
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value where no cod liver oil was added in the course of 3 weeks. 
With this the calcium also increased and Table VIII shows an 
increased percentage of ash in the bones. All these changes were 
accompanied by increased growth of an average of 13 gm. in five 

TABLE IX 

Shotving the Time (in Weeks) the Various Groups Were Allowed to Remain on 
Their Respective Rations on the Phosphorus Series, 


Salt 44b additions 

Percentage of cod liver oil additions 


0 

0 1 

02 

0 5 

10 

20 

per cent 







0 

6 

9 

10 

13 

14 

15 

0 63 

6 

8 

10 

13 

14 

15 

1 06 

6 

8 

9 

13 

14 

15 

1 59 

6 

8 

9 

13 

14 

15 

2 12 

6 

8 

10 

13 

14 

15 

2 65 

6 

8 

9 

13 

14 

15 

3 18 

6 

8 

9 

13 

14 

15 


TABLE X 


Shelving Average Weight of Rats at Time of Bleeding in the Phosphorus Series. 


Salt 44b additions 

Percentage of cod h\er oil additions 

0 

0 1 

1 02 

05 

1 0 

20 

per cent 







0 

85 

115 

126 

186 

188 

191 

0 53 

71 

119 

117 

204 

208 

219 

1 06 

73 

121 

126 

194 

185 

184 

1 59 

82 * 

110 

123 

181 

176 

170 

2 12 

82 

126 

127 

180 

183 

234 

2 65 

72 

111 

141 i 

174 

187 

191 

3 18 

68 

122 

149 

160 

198 

168 


' Radiated. 


of the six animals^ — after growth was stationary — before complete 
failure due to vitamin A deficiency ensued. The sixth animal 
was already afflicted with respiratory infections before radiation 
was started and therefore no response was effected. 
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TABLE XI. 


Blood AnalysxB. 

Phosphorus Series; t.c., Varying Phosphorus and Cod Liver Oil with 
Calcium Constant, 


Salt 

44b 

addi- 

tions 

Ca and P 
in 100 gm. 
ration 

Approxi- 
mate 
ratio of 
Ca to P 
in ration 

Percentage of cod liver oil additions 

0 

01 

02 

05 

1 0 

2 0 

Milligrams of calcium per 100 cc. of serum. 

percent 


mg. 


mg 

mg 

mg 

mg 

mg 

mj 

0 

Ca 

447 

1:0 12 

8 96 

11 06 

11 20 

12 18 

12 32 

11 91 


P . 

55 








0 53 

Ca. . 

447 

1:0 3 

9 39 

11 76 

12 32 

11 91 I 

12 05 

11 36 


P. . 

155 








1 06 

Ca. 

. 447 

1:0 5 

7 28 

Lost. 

11 57 i 

12 05 

11 91 i 

11 63 


P . 

255 


I 


1 




1 59 

Ca. 

447 

1:0 8 

10 64* 

11 90 

12 32 

11 91 

12 18 

11 63 


P 

355 








2 12 

Ca 

447 

1:1 0 

7 14 

12 04 

12 60 

11 63 

11 91 

11 63 


P 

455 








2 65 

Ca 

447 

Irl 2 

7 28 

12 04 

12 74 

I 11 91 

12 05 

11 36 


P 

555 







1 

3 18 

Ca 

447 

1:1 5 

6 86 

11 76 

12 32 

11 36 

11 91 

11 45 


P 

655 









Milligrams of inorganic phosphorus per 100 cc. of serum. 


0 

Ca 

447 

1:0 12 

6 80 

8 19 

8 54 

7 93 

9 00 

10 00 


P 

55 








0 53 

Ca. 

447 

1:0 3 

8 65 

8 29 

9 09 

8 47 

8 54 

9 90 


P . . 

155 








1 06 

Ca. 

. 447 

1:0 5 

8 85 

Lost 

7 75 

8 85 

8 47 

8 77 


P.. . 

255 








1 59 

Ca. . 

, 447 

1:0 8 

10 41* 

8 26 

9 43 

8 47 

9 53 

9 09 


P 

355 








2.12 

Ca 

447 

1:1 0 

8 17 

9 90 

9 09 

7 35 

8 19 

9.26 


! P 

. 455 








2 65 

Ca. 

447 

1:1 2 

8 80 

10 00 

9 17 

8.33 

7.14 

8.93 


P . 

555 








3 18 

Ca.. . 

..447 

1:1 5 

8 54 

9 65 

9 17 

9 26 

7.46 

9.61 


P . 

.655 









* Radiated 10 minutes daily (except Sunday) with ultra-violet light for 
the last 21 days of the experiment. 




Bethke, Steenbock, and Nelson 


101 


SXJMMABY. 

On a synthetic ration of purified food constituents deficient in 
fat-soluble vitamins poor calcification of bone occurred in rats 
even with the addition of 15 cc. of skimmed milk or 0.5 cc. of 
whole milk per rat per day. 20 cc. of skimmed milk or 1 cc. of 
whole milk on the other hand allowed normal calcification. 

Data were accumulated on the variation in composition of blood 
and bone with age in the rat preliminary to further studies. It 
was found that at weaning time at an age of 24 days and 45 to 60 
gm. in weight the femurs and humeri contained approximately 
45 per cent ash. At 66 days of age when the weight had increased 
to 200 to 275 gm. the percentage of ash had increased to 59. 
Maximum values were not attained until much later when the 
animals weighed 375 to 425 gm.; the ash content then totalled 66 
per cent. The blood phosphates and calcium were found slightly 
higher in the ver>^ young than in the older animals. 

On a basal ration containing 105 mg. of calcium and 655 mg. of 
phosphorus per 100 gm. of ration marked increase of growth was 
obtained on the one hand with calcium additions and on the other 
hand also with the addition of fat-soluble vitamins as found in 
cod liver oil. This indicates the existence of a quantitative relation 
between vitamin and calcium in effecting the assimilation of the 
latter and raises the question if some of the beneficial results 
recorded in the literature on the feeding of calcium salts may not 
have been due to mass action of the calcium counteracting the 
effects of a vitamin deficiency. 

In the absence of normal growth there is shown a general tend- 
ency for reduced calcium content of the blood and ash content 
of the bones. The phosphorus of the blood was found more 
constant, but apparently as the calcium increases there is a tend- 
ency for the phosphorus to be depressed. 

With casein as the protein fed at a level of 18 per cent of the 
ration the phosphorus requirements of the rat appear to be com- 
plied with — addition of a neutral mixture of sodium and potassium 
phosphates did not lead to increased growth. This is reflected 
in the composition of the blood and bones. Where no fat-soluble 
vitamins were added the calcium of the blood is consistently 
depressed with apparently the greatest depression where the most 
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phosphate was added. Radiation with ultra-violet light for 10 
minutes daily in the absence of fat-soluble vitamins in the diet 
brought up both the calcium and phosphorus of the blood. 
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METABOLISM OF J-PYRROLIDONE CARBOXYLIC ACID 
AND ITS STABILITY TO ACIDS AND ALKALIES.* 
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Madison,) 
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In the study of the physiology of the amino-acids and their 
derivatives the cyclic compounds always engage attention be- 
cause presumably the formation or disruption of ring structures 
requires special processes. No doubt there is considerable reason 
for assuming that such should be the case with homocyclic struc- 
tures where there is union of carbon with carbon, but then evi- 
dence has been accumulated that the formation or oxidation of 
chain compounds is likewise not a simple matter.^ Among the 
ring compounds considerable attention has been devoted to the 
metabolism of the pyrrole nucleus primarily through its partici- 
pation in the structure of the pigments chlorophyll and hemo- 
globin as the alkylated pyrroles and in simple proteins where it 
occurs as proline, oxj^proline, and forms part of the complex 
tryptophane and oxy tryptophane nuclei. 

Abderhalden has repeatedly called attention to the possibility 
of proline being a limiting factor in the growth processes of ani- 
mals when not present in the amino-acid mixture of the proteins 
ingested. He has attempted to determine if the addition of 
proline to a proline-free ration would be able to restore growth 
in animals in which growth had been inhibited by feeding amino- 
acid mixtures as the source of protein, but invariably has met 
with failure. Apparently, part of the difficulty is due to the 
fact that proline is very easily decomposed, for even concentrat- 

* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station, Madison. 

* Abderhalden (1), p. 204. 
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ing proline solutions in vacuo causes them to acquire a pyridine- 
like odor.2 Feeding of such proline soon causes anorexia. 

Abderhalden^ has also frequently suggested that possibly 
the animal possesses the ability to utilize pyrrolidone carboxylic 
acid in lieu of proline or glutamic acid as pyrrolidone carboxylic 
acid, like prolinc contains the pyrrole nucleus and is readily 
formed from glutamic acid. 

Sure (2), working in this laboratory, has carried out a number 
of feeding trials using pyrrolidone carboxylic acid in lieu of 
proline, preliminary to work with proline, in an attempt to 
ascertain if the pyrrole nucleus must be present in the diet in 
other forms than in tryptophane. 

As far as the writers are aware Abderhalden and Hanslian (3) 
are the only investigators who have attempted to determine the 
physiological properties and especially the lability of pyrrolidone 
carboxylic acid in the animal body. They did not find it entirely 
indifferent pharmacologically. In rabbits, 14 and 25 gm. given 
per os caused colitis followed by death, and in man, diarrhea was 
induced. Catabolism of the acid depended in part upon its 
optical activity. Some data suggested that the optically active 
form was metabolized whether introduced per os or subcutane- 
ously, but the results were not decisive. Wlien the racemic form 
was given, the d form appeared in the urine, indicating that the I 
form was more readily metabolized. Of 28 gm. of the racemic 
form, given subcutaneously to a rabbit in five doses, only part 
was absorbed before death ensued during the following night. 
From the urine in the bladder there were isolated 347 mg., 
mostly of the d form of the acid. In man, however, the d form 
seemed to be also readily metabolizable. 

EXPERIMENTAL. 

In the present series of experiments attempts were made to 
determine to what extent the animal is able to metabolize pyr- 
rolidone carboxylic acid. 

The acid was prepared from glutamic acid hydrochloride, 
isolated from the acid cleavage products of wheat gluten. From 
the hydrochloride, glutamic acid was made by adding an amount 


* Abderhalden (1), p 213. 
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of sodium hydroxide in water solution exactly equivalent to its 
chlorine content as determined gravimetrically. The free acid 
was filtered off on a Buchner and washed with 60 per cent alcohol 
till free from chlorides. To convert it to pyrrolidone carboxylic 
acid, the method of Foreman was used (4). The glutamic acid 
was dissolved in water and boiled under a reflux condenser for 
8 hours. Upon concentration to a syrup, and cooling, the residue 
solidified. The solidified mass was triturated thoroughly in a 
mortar with cold glacial acetic acid and filtered. The filtrate was 
concentrated on a water bath to a thick S 3 rrup and then crystal- 
lized in a desiccator over solid potassium hydroxide. After a 
few days the crystals of pyrrolidone carbox>^lic acid were filtered 
off by suction and finally dried tn vacuo at room temperature 
until the odor of acetic acid could no longer be detected. 

The purity of the resulting product was determined by making 
an amino nitrogen determination by means of the Van Slyke 
method, and a total nitrogen determination by the Kjeldahl 
method. 

2 gra of the pyrrolidone carboxylic acid were dissolved in water 
and the volume was made up to 50 cc. 5 cc. aliquots were used 
for the amino nitrogen determination with the following results. 


No 

Nitrogen 

Temper- 

ature 

Pressure 

Blank 

Ammo 
nitrogen, j 

Total 
nitrogen in 
ammo form 


cc 

“C 

mm 

1 cc 

per cerU 

per cent 

1 

0 6 

24 5 

746 

0 25 1 

0 095 

0 909 

2 

0 0 

24 5 

746 

0 25 1 

0 095 

j 0 909 


Two 0.4 gm. portions for nitrogen by Kjeldahl gave values of 
10.42 and 10.45 per cent — theoretical 10.88. Examination in a 
polarimeter gave the value [«]» = —8.54°. Foreman (4) has 
reported the value of —11.35° and Abderhaldcn and Kautzsch 
(5) —10.8° and —11.52°. Evidently, the product obtained was 
partly racemized. 

Two male pigs were used as the experimental animals. One 
weighed 31 kilos and the other 36 kilos. They were confined in 
metabolism cages for the quantitative collection of urine, and 
fed from 57 to 66 calories per kilo of body weight in the form of 
starch paste with distilled water ad hbitum. After the nitrogen 
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excretion of the animal had reached a fairly constant level the 
diet was supplemented with varying amounts of nitrogen as 
pyrrolidone carboxylic and glutamic acids, fed in solution as the 
sodium salts. The dietary addition in each case was made by 
means of a stomach tube. Quantitative collection of urine was 
started after the 10th day of starch feeding. By that time the 
daily N excretion is usually fairly constant, being reduced to 
that originating from strictly endogenous sources. No harmful 
effects of prolonged confinement to a starch diet were noticed 
in either one of the two animals. 

The urine was collected in a vessel in 24 hour intervals, pre- 
served with toluene, and analyzed daily for total nitrogen, am- 
monia, urea, and amino nitrogen before and after hydrolysis. 

Total nitrogen was determined on 10 cc. samples by the Kjel- 
dahl method. Urea was determined on 5 cc. of urine, using the 
Benedict and Gephart (6) method. The ammonia was deter- 
mined by the Folm (7) aspiration method, using a 25 cc. sample. 

Amino nitrogen before and after hydrolysis was determined on 
5 cc. of urine in the Van Slyke apparatus. Hydrolysis of the 
urine was carried out as follows 5 cc. of concentrated hydrochloric 
acid were added to 25 cc, of urine in a 200 cc. Erlenmeyer flask 
and the solution was boiled down to approximately 10 cc. The 
contents of the flask were then boiled for 2 hours under a reflux, 
20 cc. of 10 per cent sodium hydroxide were added, followed by 
5 cc. of acetic acid, and the solution was made up to a volume 
of 50 cc. Aliquots of 10 cc., corresponding to 5 cc. of urine, 
were used for the determination of amino nitrogen. 

Table I presents the data obtained with Pig I. With the ad- 
ministration of 0.9679 gm. of pyrrolidone carboxylic acid no 
change in total nitrogen, urea, ammonia, or in amino nitrogen 
after hydrolysis was observed. The latter value should have 
increased if the acid were excreted in part in the unchanged form 
because by boiling with acid, glutamic acid is regenerated from 
pyrrolidone carboxylic acid. Increase in amino nitrogen without 
hydrolysis would have indicated a transformation of the acid to 
glutamic acid with failure of metabolism of the latter. This 
also was not the case. Apparently, the nitrogen of the pyrro- 
lidone carboxylic acid was all retained. 
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Increasing the ingestion of pyrrolidone carboxylic acid to 
2.154 gm. of nitrogen did not yield any very definite results. 


TABLE I. 

Pig I. Male. Weight 31 kilos. Caloric intake as starch, 66 cal. per kilo. 


Day of 
starch 
feeding 

Total 

nitrogen 

Ammo- 

nia 

nitrogen 

Urea 

nitrogen 

Amino 

nitrogen 

Ammo 
N after 
hydrol- 
ysis 

Dietary additions. 


firm 

gm 

gm 

gm 

gm 


10 

2 720 

0 277 

1.973 


0.652 


11 

2 960 

0 286 

2 121 

0 455 

0 631 


12 

2 850 

0 252 

2 018 

0 446 

0.606 

0.9679 gm. N as pyrrolidone 

13 

2 505 

0 246 

1 794 

0 327 

0 444^ 

carboxylic acid. 

14 

3 160 

0 272 

2 338 

0 507 

0 585 


15 

1 964 

0 176 

1 472 

0.305 

0 349 


22 

2 184 

0 221 

1 514 

0 296 

0 400 


23 

2 702 

0 264 

1 934 

0 529 1 

0 575 


24 

1 800 

0 166 

1 290 

0 354 

0 367 

2 154 gm N as pyrrolidone 

25 

2 883 

0 243 

1 815 

0 435 

0 459 

carboxyhc acid. 

26 

2 319 j 

0 276 

1 836 

0 360 

0 443 


27 

2 328 

0 151 

1 539 

0 431 

0 457 


30 

2 031 

0 229 

1 320 

1 0 385 

0 399 


31 

1 929 ! 

0 213 

1 195 

0 371 

0 392 


32 

3 442 

0 237 ! 

2 692 

0 430 

0 446 

2 gm N as urea 

33 

2 368 

0 255 

1 560 

0 469 

0 471 j 


34 

2 158 

0 354 

! 1 353 

0 374 

0 374 


35 

1 877 

0 324 

1 137 

0 340 

0 400 


36 

2 352 

0 152 

1 810 

0 371 1 

0 376 

2 gm N as glutamic acid. 

37 

3 246 

0 166 

2 148 

0 946 

1 004 


38 

1 900 

0 154 

1 214 

0 290 

0 421 


30 

1 989 

0 233 

1 215 

0 390 

0 454 


40 

2 256 

0 312 

1 401 

0 294 

0 320 


41 

1 829 

0 324 

1 104 

0 299 

0 299 


42 

2 184 

0 396 

1 186 

0 388 

0 404 


43 

1 884 

0 363 

1 067 

0 272 

0 304 


44 

3 515 

0 342 

1 317 

0 271 

1 830 

4.196 gm N as pyrrolidone 

45 

3 058 

0 179 

2 071 

0 303 

0 442 

carboxylic acid. 

46 

2 463 

0 152 

1 599 

0 252 

0 430 


47 

1 912 

0 227 

1 146 

0 279 

0 384 



If an average is taken of a 2 day period representing the 2 days 
following the administration of the acid for comparison with an 
average of 2 days before and 1 day after, about 30 per cent of 
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the nitrogen was excreted. But isolated previous values are 
almost as large as the maximum of this period, making conclu- 
sions problematical. An increase in amino nitrogen is also ques- 
tionable. 

The above data made it desirable to have information on the 
excretion of other nitrogenous compounds, viz, urea and glutamic 
acid, the former as an end-product of the metabolism and the 
latter as an intermediary compound. It was possible that the 
pig confined to an endogenous plane of protein metabolism for a 
prolonged period might have its tissues so depleted in soluble 
nitrogen compounds that small amounts of nitrogen administered 
irrespective of kind might be generally retained. 

To determine this, urea and glutamic acid were given to the 
pig. Table I shows that administered urea N was readil}^ ex- 
creted. Taking 2 days before and 2 days after the administra- 
tion, 80 per cent of the urea nitrogen made its appearance in the 
urine within 48 hours, in fact, 72 per cent was excreted in the 
first 24 hours — and this all in the form of urea. Glutamic acid 
obeys different laws Using the same method of calculation, 
78 per cent of the nitrogen was excreted in the 48 hours following, 
but only 17 per cent — instead of the 72 per cent in the case of 
urea — was excreted in the first 24 hours. Not all the increase of 
nitrogen was accounted for by the urea, practically 0.5 gm. of 
the nitrogen was excreted as amino nitrogen, showing that glutamic 
acid is not readily metabolized by the pig. This nitrogen was 
excreted in the second 24 hours of the period. 

After these trials, showing that nitrogen in small amounts can 
be traced into the urine, pyrrolidone carboxylic acid was again 
given to the pig, this time to the extent of 4.196 gm. of nitrogen. 
Taking the average of 3 days preceding this period as a normal, 
74 per cent of the ingested nitrogen was excreted in the following 
3 days, but only a 38 per cent increase was shown in the urea 
excretion. The balance was accounted for by increased amino 
nitrogen after hydrolysis which totalled 38 per cent. There 
resulted no increase in free amino nitrogen, showing that when 
pyrrolidone carboxylic acid is administered part of it escapes 
metabolism as such, rather than as glutamic acid into which it is 
convertible. The data show clearly that of the 4.196 gm. of 
pyrrolidone carboxylic acid nitrogen given, only three-fourths 
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made its appearance in the urine, of which one-half represented 
the unchanged acid. 

That this actually represented unchanged pyrrolidone carboxy- 
lic acid was proved by its isolation. The urine left over from 
the quantitative analyses was evaporated to a thick syrup and 
then allowed to crystallize. The hard crystalline mass was 
triturated in a mortar with cold glacial acetic acid and filtered. 
The acid solution was then set aside in a desiccator over solid 
potassium hydroxide to crystallize. There were finally obtained 
1.89 gm. of crystals, dried in vacuOy containing only 0.09 per cent 


TABLE II 

Pig II. Male. Weight 36 kilos Caloric intake as starch, 57 cal per kilo. 


1 

Day of 
starch 1 
feeding 

- 

Total 

nitrogen 

Amrao- 

nia 

nitrogen 

Urea 

nitrogen 

Ammo 

nitrogen 

Amino 
N after 
hydrol- 
ysis 

Dietary additions 


(/rn 

om 

Qm 

gm 

gm 




11 

2 

678 

0 

392 

1 

602 

0 

463 

0 

520 




12 

2 

304 

0 

343 

1 

342 

0 

343 j 

0 

430 




13 

2 

472 

0 

210 1 

0 

960 

0 

245 1 

1 

058 

4 

gm 

N as pyrrolidone car- 

14 

4 

167 

0 

120 1 

3 

032 

0 

447 

0 

667 


boxylic acid. 

15 j 

2 

746 

0 

081 

2 

100 

0 

192 

0 

379 




10 i 

1 

967 

0 

064 1 

1 

255 

0 

182 

0 

396 




17 1 

1 

954 

0 

135 j 

1 

181 

0 

257 

0 

373 




18 i 

1 

833 

0 

202 1 

1 

016 

0 

251 

0 

422 




19 

2 

838 

0 

281 

0 

966 i 

0 

349 

1 

349 

4 

gm. 

N as pyrrolidone car- 

20 

3 

252 

0 

125 

2 

425 

0 

452 

0 

555 


boxylic acid. 

21 

2 

762 

0 

087 

2 

082 

0 

354 

0 

412 




22 

2 

313 

0 

070 

1 

690 

0 

1 

302 

0 

346 





amino nitrogen and 10.46 per cent total nitrogen; theoretical 
10.18 per cent N. Examination in a polarimeter revealed a 
specific rotation of —8.3°, the same as before, indicating no 
differential metabolism between the d and I forms. 

In Table II are presented data from Pig II. This pig was 
likewise given 4 gm. of N as pyrrolidone carbox>^lic acid, at 
different times. In both cases only partial metabolism of the 
acid resulted as shown by the pronounced increase of amino 
nitrogen after hydrolysis. In the fii*st case there was an increase 
of 14 per cent and in the latter case 23 per cent on the 1st day 
after administration. The following day this was reduced to 
4 per cent in both cases. Increase in amino nitrogen was slight 
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and questionable. The data on total nitrogen are not clean cut, 
due to irregularity in output. Practically all that can be said, 
is that there was a pronounced increase in excretion of total N. 
Urea excretion is decreased on the 1st day with a large increase 
later. The cause of this initial decrease is not clear. There was 
no acidosis, the ammonia nitrogen in fact being decreased de- 
cidedly by the influence of the alkali liberated from the oxidized 
sodium salt. It is all the more remarkable in view of the fact 
that unchanged pyrrolidone carboxylic acid was rapidly excreted 
in large amounts. 

The resistance of pyrrolidone carboxylic acid to destruction 
in the animal body raised the question if such amounts as are 
metabolized may not be destroyed by virtue of the fact that they 
are hydrolyzed to glutamic acid by the digestive secretions and 
that thus the way is laid open for deaminative and oxidative 
processes. 

The effect of acids on the equilibrium, pyrrolidone carboxylic 
acid ^ glutamic acid, has been studied in brief by Foreman (4), 
and Abderhalden and Kautzsch (5). Foreman showed that 
glutamic acid was readily converted into pyrrolidone carboxylic 
acid by boiling its aqueous solution for 5 hours under a reflux 
condenser. Over 50 per cent was converted by'' this process. 
Aspartic and acetic acids had no effect on this reaction, but 
hydrochloric acid and sulfuric acid of 1 to 2 per cent concentra- 
tion reduced the conversion to less than one-third. Foreman 
concludes that about 3 per cent hydrochloric acid and 8 per cent 
sulfuric acid would prevent the reaction entirely. The reverse 
reaction, that is, the conversion of pyrrolidone carboxylic acid 
to glutamic acid, was accomplished readily with slight discolora- 
tion by boiling with strong HCl. Abderhalden and Kautzsch 
found that 0.5 gm., dissolved in water and saturated with HCl 
upon evaporation to dryness, gave glutamic acid hydrochloride. 
The influence of concentration of acid and time on the conver- 
sion were not determined. All in all, the data are too limited 
to allow correlation with our animal experiments. Before pro- 
ceeding with final determinations a preliminary test of the con- 
vertibility of pyoTolidone carboxylic acid to glutamic acid was 
carried out. 2 gm. of pyrrolidone carboxylic acid were dissolved 
in 100 cc. of 5 per cent hydrochloric acid and boiled under a 
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TABLE III 

Conversion of PyrroUdone Carboxylic Acid to Glutamic Acid by Boiling with 
1.0 Per Cent Hydrochloric Acid. 


Penod of 
hydrolysis 

Nitrogen 

Temper- 

ature 

Pressure 

Blank 

Amino 

nitrogen 

Total 
nitrogen in 
amino form. 

hrs. 

cc 


mm 

cc 

per cent 

per cent 

1 

9 9 

22 5 

740 

0 25 

5 198 

49 72 

2 

12 8 

25 5 

740 

0 25 

6 758 

64 67 

3 

14 0 

25 5 

740 

0 25 

7 404 

70 85 

5 

15 1 

25 5 

740 

0 25 

7 996 

76 52 

7 

15 2 

25 5 

740 

0 25 

8 104 

77 52 

24 

15 4 

24 0 

742 

0 25 

8 226 

78 72 


TABLE IV. 

Conversion of Pyrrohdone Carboxylic Acid to Glutamic Acid by Boiling with 
0 62 Per Cent ( n / 7 ) Hydrochloiic Acid. 


Period of 
hydrolysis 

Nitrogen 

Temper- 

ature 

Pressure 

Blank 

Ammo 

nitrogen 

Total 
nitrogen in 
amino form 

frs 

cc 

“C 

mm 

cc 

per cent 

per cent 

1 

5 65 

23 5 

737 

0 25 

2 926 

28 00 

2 

7 20 

23 5 

737 

0 25 

4 185 

40 04 

3 

8 95 

23 5 

737 

0 25 

4 850 

46 32 

5 

10 90 

25 0 

737 

0 25 

5 726 

54 79 

8 

11 60 ! 

22 0 

740 

0 25 

6 225 

59 57 

12 

13 00 1 

22 0 

740 

0 25 

6 990 

66 92 

24 

14 25 

24 0 

740 

0 25 

7 602 

72 74 


TABLE V 

Conversion of PyrroUdone Carboxylic Acid to Glutamic Acid by the Action 
of 1 Per Cent Hydrochloric Add at S7.6^C. 


Period of 
hydrolysis 

Nitrogen 

1 

Temper- , 
ature 

1 

Pressure 

! 

Blank 

Ammo 

mtrogen 

Total 
nitrogen in 
ammo form 

daye 

cc 

“C 

mm 

cc 

per cent 

per cent 

1 

0 8 

24.5 

744 

0 25 

0 2994 

2 86 

2 

1 5 

24 5 

744 

0 25 

0 6806 

6.51 

3 

2 25 

25 0 

745 

0 25 

1 0874 

10 40 

4 

2 90 

24.0 

740 

0 25 

1 4380 

13.76 

5 

3 25 

22 0 

741 

0 25 

1 6470 

15.76 

6 

3 95 

24 5 

739 

0 25 

i 9437 

18.60 

7 

4.50 

24,0 

734 

0 25 

2 2865 

21.88 

8 

4.80 

24.0 

734 

0 25 

2.4479 

23.42 
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reflux condenser. The amino nitrogen was determined in 5 cc. 
portions after 1 hour hydrolysis and at the end of 24 hours with 
the following result. 


Period of 
hydrolysis 

N itrogen 

Temper- 

ature 

Pressure 

Blank 

Ammo 

nitrogen 

Total 

nitrogen in 
amino form 

hrs 

cc. 


mm 

cc. 

per cent 

per cent 

1 

18 9 

22 

745 

0 25 

10 31 

98 82 

24 

19 4 

23 

744 

0 25 

10 41 

99 69 


It is evident that a comparatively low concentration of acid 
is able to effect the conversion. Definite results, varying the 
time, temperature, and concentration of acid, are shown in Tables 


TABLE VI 

Conversion of Pyrroltdone Carboxylic A rid to Glutamic A cid by the Action of 
0 52 Per Cent ( n / 7 ) II ydrochloric Acid at 37 6°C 


Period of 
hydrolysis 

Nitrogen 

Temper- 

ature 

Pressure 

Blank 

Ammo 

nitrogen 

Total 
nitrogen in 
amino form 

days 

cc 

“C 

mm 

cc 

per cent 

per cent 

1 

0 6 

24 5 

744 

0 25 

0 1005 

1 82 

2 

1 0 

24 5 

744 

0 25 

0 4083 

3 90 

3 

1 40 

25 0 

745 

0 25 

! 0 6252 

5 98 

4 

1 75 

24 0 

740 

0 25 

0 8145 

7 79 

5 

1 95 

22 0 

741 

0 25 

0 9336 

8 93 

6 

2 10 

24 5 

739 

0 25 

1 0002 

9 57 

7 

2 30 

24 0 

734 

0 25 

1 1029 

10 55 

8 

2 30 

24 0 

734 

0 25 

1 2374 

11 84 


III, IV, V, and VI. The values for amino nitrogen were ob- 
tained by dissolving 2 gm. of pyrrolidonc carboxylic acid in 100 cc. 
of acid and removing 5 cc. aliquots at definite intervals for the 
amino nitrogen determinations. 

The data on the action of acid show that with a maximum 
concentration of 0.5 per cent hydrochloric, at approximately 
body temperature, less than 2 per cent of the pyrrolidone car- 
boxylic acid is converted to glutamic acid in 24 hours, less than 
4 per cent in 48 hours, and less than 8 per cent in 90 hours. As 
the pyrrolidone carboxylic acid nitrogen when given to a pig 
in one case was excreted as urea nitrogen to the extent of 38 
per cent of the amount ingested, it is obvious that gastric acidity 
cannot be responsible for its cleavage. 
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Our data also show that alkali likewise cannot be an impor- 
tant factor in the intra vitam hydrolysis of the acid. 1 gm. of 
pyrrolidone carboxylic acid was dissolved in 200 cc. of 0.5 per 
cent sodium carbonate solution and another 1 gm. portion in 
100 cc. of 5.0 per cent sodium carbonate. Both were boiled 
under a reflux condenser, and 5 cc. aliquots were removed for 
amino nitrogen determination from time to time. The results 
are shown in Table VII. 

TABLE VII 


Conversion of Pyrrolidone Carboxylic Acid to Glutamic Acid by Boiling with, 
Respectively , 0 5 and 5 0 Per Cent Sodium Carbonate Solutions. 


Strength 
of sodium 
carbonate 

1 

Period of 
hydrolysis 

Nitrogen 

Temper- 

ature 

Pressure 

' 

i 

1 

Blank 

Ammo 

nitrogen. 

Total 
nitrogen 
m ammo 
form 

per cent 

hra 

cc 

"C 

mm i 

cc i 

Tier cent 

per cent 

0 5 

1 

0 5 

22 5 

744 ! 

0 25 

0 55 

5 26 

0 5 

1 24 

1 0 

23 0 

744 

0 25 I 

2 90 

28 32 

5 0 

1 

1 8 

24 5 

734 

0 25 

1 66 i 

15 88 

5 0 

! 24 

7 5 

24 0 1 

744 

0 25 1 

7 91 1 

75 70 

5 0 

L . 

9 4 

23 5 1 

738 

0 25 1 

1 1 

9 93 i 

95 02 


SUMMARY. 

Pyrrolidone carboxylic acid can be metabolized by the animal 
organism. When ingested in large amounts, it is partly excreted 
unchanged in the urine. When incompletely metabolized no 
increase in amino nitrogen of the urine results, showing that 
hydrolysis does not proceed so rapidly as to lead to the production 
of amounts of glutamic acid in excess of the animals ability to 
deaminize it completely. The acidity or alkalinity of the diges- 
tive tract Is not sufficient to account for the hydrolysis of the 
pyrrolidone carboxjdic acid. Its cleavage as well as its deamina- 
tion must therefore be a function of body tissue. 
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PROTEINS OF WHEAT BRAN. 

I. ISOLATION AND ELEMENTARY ANALYSES OF A GLOBULIN, 
ALBUMIN; AND PROLAMINE.* 

By D. BREESE JONES and C. E. F. GERSDORFF. 

{From the Protein Investigation Laboratory, Bureau of Chemistry, United 
States Department of Agriculture, Washington.) 

(Received for publication, August 30, 1923.) 

Wheat has been from time immemorial and continues to be 
probably the most important item in the food of civilized man. 
The proteins of the wheat germ, and those proteins of the endo- 
sperm which collectively are commonly known as gluten, have 
been extensively investigated by Osborne and coworkers and 
others. We have but little knowledge, however, of the proteins 
contained in the milling by-product of wheat commonly called 
bran.^ 

On account of the thick walls of tlie cells in the layer contain- 
ing the proteins, the extraction of the proteins from the bran 
has been considered so difficult that they have never been isolated 
in sufficient quantity or suitable condition for a study of their 
chemical or physical character. Furthermore, even the cleanest 
grades of commercial wheat bran always contain an admixture of 
an appreciable quantity of starch and gluten, which are removed 
with difficulty. 

Bran is extensively used in the feeding of farm animals and 
has been long regarded as having a high nutritive value. During 
recent years there has been an increasing recognition of the 

* A preliminary report of this paper was presented at the meeting of 
the American Chemical Society held in New Haven, Conn., April 2 to 9, 
1923. 

^ The term *‘bran’’ is used in this paper to include the outer seed coats, 
together with the underlying layer of cells which contains the protein, 
and which in the milling process is removed with, and is firmly attached to, 
the outer seed coats. 
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value of bran as an element in human food. Commercial methods 
are now perfected for the preparation of bran as a palatable 
cereal breakfast food. 

It is generally known that the nutritive value of so called 
^^patenC' wheat flour is inferior to that of whole wheat, being 
deficient in vitamins, inorganic constituents, and defective in 
the quality of its proteins. It therefore appears very probable 
that the proteins of the bran are of a different chemical nature, 
and contain satisfactory quantities of those amino-acids which 
arc deficient in the gluten proteins. Although the results of 
elementary analyses of the proteins reported in this paper 
support the above supposition, we do not wish to draw any final 
conclusions as to the identity or non-identity of the bran pro- 
teins with the corresponding proteins of the other parts of the 
wheat kernel, until we have obtained further knowledge of the 
amino-acid composition of the bran proteins. Experiments to 
this end are now in progress. 

In their classic work on ^^The proteins of the wheat kernel. 
Osborne and Vooriiees- have shown that the proteins of wheat 
gluten, which comprises the proteins of w^hite, wheat flour, con- 
sist chiefly and in about equal quantities of gliadin, the alcohol- 
soluble protein, and glutcnin, a protein which is insoluble in 
water, neutral salt solutions, or alcohol, but is soluble in dilute 
acids or alkalies. The proteins of the wheat embryo as shown by 
Osborne and Oampbelh differ distinctly in character from those 
of the gluten, and consist of globulin, albumin, and proteose. 
These proteins, howevM’, constitute but a relatively small pro- 
portion of the total protein of the wheat kernel. 

The composition of bran varies with the kind of wheat and 
the locality m which it is grown. The following composition of 
a sample of commercial bran is given by Osborne and Mendel.'* 

Composition of Commercial Bran^ Moisture-Free 

per cent 

Sucrose . ... 1 64 

Dextrin . . . ... 4 19 

Starch . . . 13 39 

* Osborne, T. B , and Voorhees, C G f Am Chem. J., 1893, xv, 392. 

» Osborne, T. B , and Campbell, G F., J. Am Chem, Soc , 1900, xxii, 379. 

* Osborne, T. B , and Mendel, L B /j. Biol Chem , 1919, xxxvn, 657. j 
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Pentosans, etc 27 58 

Protein (N X 6.25) ' 17 00 

Fiber 9.37 

Fat 7 07 

Ash 7 24 

Undetermined 12.52 

100 00 


Bran also contains relatively large quantities of inorganic 
salts. Jordan, Hart, and Patten^ give the following analyses. 

P « 1.42, Ca as CaO = 0 18, Mg as MgO = 0 89, K as K^O = 1 58 

The approximate proportion of endospenn, bran, and em- 
bryo in the wheat kernel, the proportion of the total protein of 
the seed in these parts and also the percentage of the total pro- 
tein in the part itscK, is given in the accompanying tabulation by 
Osborne and Mendel.^ 



1 

Part as 
per cent 
of seed 

Per cent 
; of seed as 
nitrogen 
in part 

Per cent 
of seed as 
protein 
in part j 
(NX 5 7) j 

Per cent 
of protein 
in part 

Per cent 
of total 
protein 
of seed 
in part 

Endosperm 

83 5 

1 61 I 

9 17 

11 1 

73 3 

Bran 

15 0 

0 49 

2 80 

18 7 

22 3 

Embryo 

1 5 

0 10 

0 57 

36 7 

4 4 


100.0 

2 20 

12 54 


100 0 


In view of the little that is known regarding the proteins of 
wheat bran, its relatively high content of protein, and of its 
nutritional and economic importance, we have undertaken an 
investigation of the proteins of wheat bran with the view of 
their isolation and the determination of their physical and chemi- 
cal characters, and of obtaining such information concerning the 
individual proteins of bran as we already have regarding the 
proteins of the other parts of the wheat kernel. 

In this paper arc described the preparation and properties 
of three proteins which have been isolated from wheat bran so 
treated as to remove most of the other parts of the seed w^hich 

» Jordan, W. H , Hart, E. B., and Patten, A. J , Aw. 7. PhifsioL^ 1906, 
xvi, 268. 
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are usually found associated with commercial bran. The pro- 
teins isolated consisted of an albumin, a globulin, and a pro- 
lamine. 

The isolation and preparation of proteins to be used for a 
study of their properties and composition require that they be 
obtained in as pure a state as possible. This calls for methods 
of purification, such as reprecipitations, repeated washings, and 
filtration — processes which frequently involve large losses of 
material. Furthermore, in many cases the extractions of the 

TABLE I 

Proteins Extracted and Isolated from Wheat Bran, 


Total protein in the bran (N X 6 25 = 17.25 per cent). 



Nitrogen 
extracted 
(per cent 
of bran) 

Protein 
extracted 
NX625 
(per cent 
of bran) 

Protein isolated 

Per cent 
of bran 

Per cent 
of total 
protein 
in bran 

Extracted by distilled water 

; 0 63 

3 94 

1 


1. Albumin 



2 87 

16 64 

2 Globulin 



0 69 

4 00 

Extracted by 4 per cent sodium 





chloride 

0 35 

2 19 



Globulin . 



1 66 

9 62 

Extracted by 70 per cent alcohol 

1 01 

6 31 



Prolamine 



5 35 

31 01 

Extracted by 0 5 per cent sodium 





hydroxide 

0 40 

2.50 



Total 

14 94* 

10.57 

61.27 


* Equivalent to 86 61 per cent of the calculated total protein in the bran. 

proteins from their parent substances have been incomplete, the 
object having been merely to secure sufficient quantities of the 
purified proteins for their chemical study. Consequently, the 
yields of the proteins as finally obtained oftentimes do not nearly 
represent the quantities in which they are present in substances 
from which they were obtained. To know as nearly as possible 
the percentages of the different proteins present in a given seed 
or foodstuff’ is frequently of great importance. In order to ob- 
tain as accurately as possible the percentages of the different 
proteins present in wheat bran, successive exhaustive extractions of 
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the washed bran meal were made with distilled water, 4 per cent 
aqueous sodium chloride solution, boiling 70 per cent alcohol, 
and with 0.5 per cent sodium hydroxide. The proteins re- 
moved by these various solvents were separated and isolated by 
methods involving minimiun losses. The yields found are con- 

TABLE n. 

Average Results of Duplicate Analyses of Wheat Bran Albumin* 



Preparation. 

I 

II 

III 

IV 

V 

A\erage 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

c 

53 20 

53 25 

53 27 

53 29 

53 05 

53 21 

H 

6 79 

6 77 

6.77 

1 6 47 

6.75 

6 71 

N 

15 09 

15 51 

15 28 

15 61 

15 61 

15 42 

s 

1 24 

1 39 

1 38 

1 43 ‘ 

1 33 

1 35 

0 

23 08 

23 08 

23 30 

23 20 

23 26 

23 30 

Moisture 

10 24 

5 08 

3 95 

4 40 

4 66 


Ash 

1 49 

0 65 

0 29 

0 41 

4 59 



* Calculated on an ash- and moisture-free basis. 


TABLE III 

Average Results of Duplicate Analyses of Wheat Bran Globulin * 



Preparation 

1 

I 

II 

1 

III 

1 

IV 

V 

VI 

1 

VII j 

Aver- 

age 


per cent 

j/>er cent I 

; er cent 

per cent 

per cent , 

per cent 

j^er rent ! 

per cent 

C 

53 41 

53 49 

53 58 

53 37 

53 59 

53 41 

53 19 

53 43 

H 

7 68 

7 69 

7 37 

7 35 j 

7 30 

7 34 

7 10 

7 40 

N . . 

17 94 

17 89 

17 81 1 

18 01 

,17 67 

17 39 

17 59 

17 76 

S . 

0 91 

0 92 

0 90 

0 92 

0 89 

0 90 

0 90 

0 91 

0 

20 06 

20 01 

20 34 

20 35 

20 55 

20 96 

21 22 

20 50 

Moisture 

10 11 

9 20 

4 70 

5 16 

10 33 

5 01 

4 16 


Ash 

0 60 

1 25 

0 24 

0 36 

j 1 49 

1 81 

0 17 



* Calculated on an ash- and moisture-free basis. 


siderably higher than those obtained in the preparation of sam- 
ples for the analytical study of the proteins, and, vve believe, 
quite closely represent the quantities in which these proteins 
were present in the bran. 
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By exhaustively extracting the bran with the solvents used, 
there was removed an amount of nitrogen equivalent to 86.61 
per cent of the calculated (N X 6.25) total protein in the bran. 
From these extracts, there were isolated the following percen- 
tages of proteins, expressed in terms of the bran used; albumin, 
2.87 per cent; globulin, 2.35 per cent; and prolamine, 5.35 per 
cent. The results of these extraction experiments are given in 
Table I. 

Several preparations of each of the three proteins isolated 
from bran were made by different methods. It is of interest 
to note the close agreement of the results obtained on analyses 

TABLE IV. 

Average Results of Duplicate Analyses of the Alcohol-Soluble Protein from 

Wheat Bran * 



Preparation 

I 

II 

III 

IV 

V 

Average 


per cent 

per cent 

per cent 

per cent 

per rent 

per cent 

c . ... 

54 33 

54 05 

54 20 

54 38 

54 30 

54 26 

H .. . . 

6 72 

6 74 

6 78 

1 6 64 

6 87 

6 75 

N 

15 23 

15 56 

15 34 

15 42 

15 21 

j 15 35 

S 

1 36 

1 26 

1 37 

1 37 

1 38 

1 35 

0 

22 36 

22 39 

22 31 

22 19 

22 24 

22 30 

Moisture 

8 00 

8 24 

3 25 

4 51 

5 23 


Ash . . . 

0 86 

0 46 

0 19 

1 77 

8 07 



* Calculated on an ash- and moisture-free basis. 


of the same protein obtained by different methods. (Tables 
II, III, and IV.) The composition of these proteins differs 
from that of similar proteins obtained by Osborne and Voorhees^ 
from “shorts,” a commercial product consisting largely of bran 
but also containing considerable portions of the starchy endo- 
sperm of the seed. 


EXPElilMENTAL. 

Preparation of Material , — The bran used for the experiments 
described in this paper w'as furnished by the Hecker-Jones- 
Jewell Milling Company, and w'as obtained mostly from 75 per 
cent Dark 1 Northern Spring Wheat and 25 per cent of 2 Hard 
Kansas Wheat. Previous to grinding, the wheat had been tern- 
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pered by the addition of water and passed to bins at room tem- 
perature, where it remained for 8 hours before grinding. Addi- 
tion of moisture before milling is made to toughen the bran so as 
to facilitate its removal from the other parts of the kernel. Com- 
mercial bran always contains appreciable quantities of adhering 
parts of the rest of the kernel. In order to remove as much 
as possible of this adliering material, the bran was placed in 
cheese-cloth and rapidly washed by vigorous plunging in cold 
tap water. By this method most of the adhering starchy endo- 
sperm was removed. The turbid washings were reserved for 
later examination. Immediately after washing, the bran was 
dried at 30^C. in a motor driven fan drier, and ground so as to 
pass through a 100 mesh sieve. The washing and drying caused 
the bran to lose much of its tough character, making it possible 
to grind it more easily. Preliminary extractions of the bran 
with protein solvents showed, however, that equally efficient 
extractions of the protein could be obtained from bran which 
had been ground to pass through a 40 mesh sieve. 

Microscopical examinations of both the unwashed and washed 
bran were made by J. F. Clevenger, of the Pharmacognosy 
Laboratory of this Bureau. It was estimated that at least 
75 per cent of the starchy endosperm in the original bran had 
been removed by the washing, and that the resulting washed and 
dried bran contained less than 5 per cent of material other than 
bran. The presence of embryonic tissue in the original bran 
could not be detected. Analysis of the washed bran showed a 
content of 3.6 per cent of starch. This percentage is in fair 
agreement with the estimate based on the microscopical examina- 
tion. Since the ratio of protein to starch in wheat endosperm 
is approximately 1:7, as pointed out by Osborne and Mendel,* 
the amount of endosperm protein in our washed bran can be 
estimated from its starch content at approximately 0.5 per cent. 
It IS not believed, however, that this small quantity of protein 
derived from the starchy endosperm is sufficient to cause any 
appreciable error in the data presented in this paper on the pro- 
teins of the bran. 

Total nitrogen determinations, calculated on an ash- and 
moisture-free basis, showed that the unwashed bran contained 
2.84 per cent of nitrogen, or 17.75 per cent of protein (N x 6.25), 
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ExtracHon with 4 Sodium Chloride SoIiUion . — The 

residue remaining after the extractions with distilled water 
was next extracted with 4 per cent sodium chloride solution at 
room temperature. Nitrogen determinations made on aliquot 
portions of the extracts showed that exhaustive extraction with 
the salt solution removed 0.35 per cent of nitrogen, equivalent 
to 2.19 per cent of protein. The joint saline extracts were acidi- 
fied with acetic acid, and boiled until there was no further separa- 
tion of coagulum. The precipitate w^as collected on a filter, 
washed with distilled water, and dried at 110°. The yield of 
globulin thus obtained was 1.66 per cent of the meal, or 9.62 
per cent of the total protein in the bran. 

Extrartiov with 70 Per Cent AkohoL — ‘The residue remaining 
after the extraction with sodium chloride solution was exhaus- 
tively extracted with boiling 70 per cent alcohol. The alcohol 
removed 1.01 per cent of nitrogen, equivalent to 6.31 per cent 
of protein. The joint extracts were filtered and concentrated 
under reduced pressure until most of the alcohol was removed. 
The flocculent precipitate, which separated as the alcohol was 
being removed, was allowed to settle and w’as washed by decan- 
tation w'lth water and dried at 110°C'. It amounted to 5.35 
per cent of the meal, or 31.01 per cent of the total protein in the 
meal based on N x 6.25. 

Extraction with 0.5 Per Cent Sodium Hydroxide Solution . — 
The residue from the alcohol extractions was then extracted 
with 0.5 per cent sodium hydroxide at room temperature. The 
alkaline extracts contained 0.40 per cent of nitrogen, equiva- 
lent to 2 50 per cenit of protein. The joint extracts were acidified 
with acetic acid, and several volumes of alcohol were added, w^hich 
caused the precipitation of a substance containing but a small 
amount of nitrogen. 

Qualitative tests made on this substance for phytin and purines 
gave negative results, neither did it respond to the Biuret, gly- 
oxylic, or Millon tests for protein. The material ignited readily, 
leaving a large ash residue. 

Exhaustive extractions with these four solvents therefore 
removed nitrogen equivalent to 14.94 per cent of protein, cal- 
culated on the basis of the bran used. This is equivalent to 
86.61 per cent of the calculated total protein in the bran. There 
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were actually isolated as identified proteins, 2.35 per cent of 
globulin, 2.87 per cent of albiunin, and 5.35 per cent of pro- 
lamine— a total of 10.57 per cent of the bran or 61.27 per cent 
of the calculated total protein in the bran. The results of these 
exhaustive extractions are summarized in Table I. 

Since probably not all the nitrogen in bran is protein nitro- 
gen, the actual quantity of protein present would therefore be 
less than the 17.25 per cent obtained by multiplying the nitrogen 
by 6.25. This would give a correspondingly higher value for 
the percentage of protein actually isolated than the 61.27 per 
cent here reported. 

Preparation of the Proteins, 

All the preparations described and analyzed, excepting one, 
were obtained by successive extractions of each sample of the 
washed bran meal by the various solvents. 

The Albumin , — The albumin preparations were obtained by 
the following methods. 

1. A distilled water extract of the bran was dialyzed for 10 

days against chilled running water and the dialysate saturated 
with washed carbon dioxide. The small quantity of precipitated 
globulin was removed by filtration, and the filtrate was heated 
for 30 minutes at The coagulated protein was thoroughly 

washed with distilled water and dried in the usual way with 
alcohol and ether. The yield was 0.1 per cent (Preparation I). 

2. Preparation II was obtained in a 0.26 per cent yield by 
dialysis of a 4 per cent sodium chloride extract against chilled 
running water for 12 days, and subsequent- treatment of the 
dialysate as given for Preparation I. 

3. A 4 per cent sodium chloride extract was saturated with 
ammonium sulfate and the precipitated protein redissolved by 
addition of distilled water. The solution was filtered and dia- 
lyzed for 16 days. After removal of the globulin, the dialysate 
was then treated as in the two previous preparations (Prepara- 
tion III). A yield of 0.18 per cent was obtained. 

4. A distilled water extract without previous dialysis was 
saturated with washed carbon dioxide, and then slightly acidified 
with 1 per cent acetic acid. The precipitated globulin was re- 
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moved by filtration, and the albumin coagulated by heating the 
filtrate for 30 minutes at 65®C. The albumin, after washing and 
drying in the usual w’ay, was obtained in 0.99 per cent yield 
(Preparation IV). 

5. A 4 per cent sodium chloride extract of the bran was satu- 
rated with washed carbon dioxide gas. This caused but an in- 
complete precipitation of the globulin. The remainder was 
separated by slowly adding, drop by drop, dilute acetic acid, the 
end-point being indicated by the flocculent character of the 
precipitated protein. After removal of the globulin by filtration, 
the aJbumin (Preparation V) was coagulated, washed, and dried, 
as in the case of the previously described preparations (yield, 
2 per cent). 

The average results of duplicate analyses of these five albumin 
preparations, calculated on an ash- and moisture-free basis, are 
given in Table II. 

The Globulin , — The globulin preparations were obtained from 
a 4 per cent aqueous sodium chloride extract of the bran meal. 
Seven preparations were made by various methods. In all 
cases the precipitated proteins were finally washed and dried 
in the usual way. 

1. Preparation I was obtained in 0.63 per cent yield by making 
the extract 0.55 saturated with ammonium sulfate. The pre- 
cipitate was removed by filtration, redissolved by addition of 
water, and the solution was filtered. The globulin was then 
precipitated from the clear filtrate by dialysis. 

2. Preparation II was made in the same way as Preparation I, 
with the exception that the extract w'as made 0.65 saturated 
with ammonium sulfate. Yield, 1.0 per cent. 

3. By complete saturation of the extract with ammonium 
sulfate, and subsequent removal of the globulin by dialysis. 
Preparations III and IV were obtained in 0.97 and 0.83 per 
cent yields. 

4. Preparations V and VI were obtained by directly dialyzing 
the salt extract against chilled running water for 12 days. 

5. Acidification of the extract with carbon dioxide, followed 
by the addition of dilute acetic acid, as described under the 
preparations of the albumin (Method 5), yielded Preparation 
VII in 2 per cent yield. Average results of the analyses of these 
preparations are given in Table III. 
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The AlcohoUSoluhle Protein , — *Five preparations of the alcohol- 
soluble protein, made in several ways, were obtained as follows: 
Preparations I to IV, inclusive, were isolated from bran meal 
which had been previously exhaustively extracted with distilled 
water and 4 per cent sodium chloride solution. This residue was 
extracted with boiling 70 per cent alcohol for 15 minutes, and 
the hot mixture was immediately filtered. Preparation I was 
obtained by pouring the extract into a 4 per cent sodium chloride 
solution. The precipitate was thoroughly washed with water 
and dried in the usual way. The yield was 1.0 per cent of the 
original bran used before the extraction with water and salt. 

Concentration of the alcoholic extract under diminished pres- 
sure until most of the alcohol had bee» removed caused the sepa- 
ration of the prolamine in a form which was no longer soluble 
in alcohol. This precipitate constituted Preparation II. The 
jdeld was 1.7 per cent. 

Preparation III was isolated from a highly concentrated al- 
coholic solution of the protein. This solution was obtained 
by occasional addition during the distillation under diminished 
pressure of small quantities of 95 per cent alcohol, so as to pre- 
vent precipitation of the protein due to the diminishing content 
of alcohol in the distillation reservoir. The protein was pre- 
cipitated from the concentrated solution by addition of several 
volumes of absolute alcohol. After washing and drying the 
precipitated protein in the usual way, a yield of 4.29 per cent 
was obtained. 

Preparation IV, obtained in 1 per cent yield, was isolated as 
in the case of Preparation III, with the exception that the prod- 
uct obtained by precipitation with absolute alcohol was re- 
dissolved in boiling 80 per cent alcohol and then reprecipitated 
by absolute alcohol, after having first filtered off some undis- 
solved protein which had become denatured. 

Preparation V was isolated from bran which had not been 
previously extracted with other solvents. The method of 
preparation otherwise was the same as that used for Preparation 
III. Because of an accidental loss of a portion of the extract 
used in this preparation only a small yield was obtained. 

The elementary composition of the prolamine preparations 
is, given in Table IV. 
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Properties of the Proteins, 

The Albumin , — The albumin preparations obtained as already 
described ranged in color from pale cream to gray. 

In aqueous solution, slightly acidified with acetic acid, the 
albumin coagulated at 60°C. When heated in 4 per cent aqueous 
sodium chloride solution, it coagulated at 65°C., and at 62'^C. 
in a 4 per cent sodium sulfite solution. Its coagulation point 
in water is somewhat raised by the presence of a small quantity 
of the globulin. 

The Globulin , — Dilution of saline extracts of the bran with 
large volumes of water showed that the globulin was readily 
soluble in dilute aqueous sodium chloride solutions. Conse- 
quently, its preparation by the customary method of diluting 
the saline extract is impracticable. It can be precipitated in small 
quantities from a sodium chloride solution by saturation with 
carbon dioxide, and practically completely by slight acidifica- 
tion with acetic acid. The precipitate thus formed is readily 
soluble in 4 per cent sodium chloride solution. 

The precipitation limits with ammonium sulfate ranged from 
0.4 to 0.65 of saturation. 

The globulin coagulates in a slightly acidified 4 per cent sodium 
chloride solution at 95®C. 

The preparations were obtained in the form of dusty powders, 
ranging in color from white to cream. 

The Alcohol-Soluble Protein , — This protein precipitated by 
absolute alcohol from a concentrated alcoholic solution is readily 
soluble in boiling SO per cent alcohol. It differs from ghadin 
in its behavior when separating on cooling from w^arm 70 per cent 
alcohol. Much of this protein rapidly precipitates in a finely 
divided form, which redissolves on warming. Addition of aque- 
ous sodium chloride to its alcoholic solution causes the prolamine 
to separate in fiocculent particles which soon adhere to form a 
sticky precipitate. Addition of 2 volumes of 2 per cent hydro- 
chloric acid to the prolamine in 70 per cent alcohol produces a 
fiocculent precipitate which redissolves on boiling and again 
separates on cooling. 
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SUMMARY. 

Three proteins, an albumin, a globulin, and an alcohol-soluble 
protein, have been i^lated from wheat bran. The bran, which 
originally was exceptionally clean, was rapidly washed in cold 
water and immediately dried at a low temperature. In this 
way the greater part of the adhering particles of other portions 
of the wheat kernel was removed. The bran was then ground 
to a fine powder. This contained 17.25 per cent of protein 
(N X 6.25). By successive exhaustive extractions with distilled 
water, 4 per cent sodium chloride solution, 70 per cent alcohol, 
and 0.5 per cent sodium hydroxide solution, 86.61 per cent of 
the total protein in the bran was extracted fN X 6.25). The 
percentages of proteins actually isolated, expressed in terms of 
the total protein in the bran, were as follows: Albumin, 16.64; 
globulin, 13.62; alcohol-soluble protein, 31.01 per cent. Analyses 
showed these proteins to have the following average elementary 
percentage composition: Albumin, N 15.42, C 53.21, H 6.71, 
S 1.35; globulin, N 17.76, C 53.43, H 7.40, S 0.91; alcohol-soluble 
protein, N 15.35, C 54 25, H 6.75, S 1.35. 




THE METABOLISM OF INORGANIC SALTS. 


IV. THE CONTENT OF INORGANIC SALTS IN THE BLOOD IN 
PREGNANCY, WITH ESPECIAL REFERENCE TO CALCIUM. 

By frank P UNDERHILL and ALICE DIMICK. 

{From the Department of Pharmacology and Toxicology ^ Yale University, New 

Haven ) 

(Received for publication, August 13, 1923 ) 

That calcium metabolism is intimately concerned in pregnancy 
with the development of the fetus is well recognized. Less 
clearly defined are the alterations in calcium metabolism in the 
maternal organism and the series of possible metabolic events 
leading to cessation of the period of uterine life and the expulsion 
of the fetus. Some years ago an interesting hypothesis relative 
to these phenomena was promulgated by Bell and Hick. In view 
of the facts reported by them that the blood calcium increases 
in the later months of pregnancy and that calcium stimulates the 
pregnant uterus of animals Bell and Hick (1) suggested that the 
normal stimulus for the induction of labor is the augmented blood 
calcium. In confirmation of this work are the observations of 
Kastle and Healy (2) by whom it was showm that calcium intro- 
duced intraperitoneally into pregnant guinea pigs almost invari- 
ably led to abortion. However, before such an hypothesis can be 
regarded as a probability one must first of all be certain that cal- 
cium of the blood is at a maximum at the period of labor. This 
point needs special emphasis since the method of calcimn estima- 
tion en^ployed by Bell is far from accurate. Of the reported blood 
calcium figures in pregnancy one fails to find evidence in support 
of Bell's hypothesis since figures are given which either fall within 
normal limits or else blood calcium is lower rather than higher 
during the later months of pregnancy (3). 

Most investigators have employed serum rather than whole 
blood in work on blood calcium on the h3npothesis that the cor- 
puscles are calcium-free. It seems to the present authors that a 
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fallacy may be encountered here since there is a priori no reason 
why under suitable circumstances there should not occur calcium 
interchange between the corpuscles and the plasma. This view 
is supported by the observations of Cowie and Calhoun (4) that 
the corpuscles of the ox and man contain appreciable quantities 
of calcium. Because of these facts we have preferred to estimate 
the content of calcium, and indeed of all inorganic salts deter- 
mined, on whole blood rather than on the serum. The figures 
given here therefore are not directly comparable to those reported 
by the more recent investigators 

TABLE I 


Inorganic Salt Content of Blood of Normal Non-Pregnant Women 


Subject 

Calcium 

Magnesium 

Sodium 

Potas- 

sium 

Chlorides 

I Total 
'phosphates 


mg 

mg 

mg 

mg 

mg 

mg 

44 

6 2 

3 0 

154 

297 


34 

45 

7 0 

2 5 

183 

142 

2H4 

45 

47 ' 

6 4 


164 

177 

290 

24 

4S 

6 6 

2 4 

173 

188 


34 

54 

6 0 

3 7 

166 

144 


38 

52 

7 6 


193 

182 

304 

34 

53 

8 0 


179 

210 

281 

32 

60 

7 2 

2 8 

190 

228 

274 

33 

63 

8 0 

2 1 

228 

149 


41 

64 

5 8 


1 192 

200 



Average 

6 9 

2 7 

182 

192 

2«6 

35 


Methodt>, 


The normal non-pregnant subjects were young unmarried 
women. The pregnant subjects were normal cases. Blood was 
drawn from an arm vein into a weigliod quantity of water, the 
blood being deteimined by diffenmce. In Tables I to IV, there- 
fore, the figures represent milligrams of constituent per 100 gm. 
of blood. In every case blood was drawn before breakfast, thus 
eliminating any influence of food intake. The chloride content 
was estimated by the method of Whitehorn (5). All other con- 
stituents were determined by the procedure of Kramer and 
Tisdall (6). 

From the tables it may be seen that the figures for calcium in 
the blood of normal unmarried non-pregnant women are quite 
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variable, ranging from 5.8 to 8.0 mg. per 100 gm. of blood. With 
respect to pregnant women it is quite evident that the average 


TABLE II. 

Inorganic Salt Content of Normal Pregnant H omen 


Subject 

Period 

Calcium 

Magnesium 

Sodium 

a 

1 

Chlorides 

Total phos- 
phates 



m? 

mi 

mi 

mi 

mi 

mi. 

11 

3 months. 

7 3 

3 0 

227 

210 


29 

36 


6 0 

3 1 

207 

261 

284 

43 

65 


7 0 

2 1 

159 

179 


40 

66 


7 8 

2 2 

182 

137 

293 i 

35 

79 


6 9 

2 7 

213 

200 



80 


8 2 

2 8 

205 

159 

277 


81 i 


8 9 

3 1 

189 

206 



82 i 


6 8 

2 7 

167 

235 

283 


83 


8 5 

2 6 


203 

287 


88 


9 6 

1 9 

192 

169 

235 


Average 

3 months 

7 7 

2 6 

193 

196 

276 

37 

8 

4 months 

7 3 1 

1 4 

200 

217 

289 

45 

70 


9 7 

1 4 

106 

202 

i 


84 


10 1 

2 2 

197 

192 

286 


93 


7 4 

2 9 

231 

160 

283 


Average 

4 months 

8 G 

2 0 

198 

193 

286 


14 

5 months 

6 5 

2 7 

197 

207 

313 

i 31 

50 



3 2 

219 

148 

297 

53 

74 


7 5 

2 2 

189 

188 

281 


7S 


7 4 

2 4 

ISO 

197 

2t)3 


Average 

5 months 


2 6 

198 

185 

296 

44 

7 

6 months 

8 0 


183 

214 

297 1 

3.5 

9 


5 5 

2 9 

204 

192 

300 

34 

19 


7 5 

2 1 

227 

172 


39 

39 


7 6 

2 3 

237 

202 

301 

31 

40 


8 1 

3 0 

197 

192 

309 

44 

59 


7 1 

1 4 

174 

190 



67 


7 4 

2 2 

227 

169 

300 

24 

69 


9 7 

1 3 

100 

206 

• 282 1 


72 


10 0 

1 8 

194 

178 

! 298 


68 


6 0 

3 4 

212 

262 

: 1 


Average . 

6 months 

7 7 

2 0 

204 

1 198 

298 

34 
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TABLE ll— Continued. 


Subject 

Period 

Calcium 

Magnesium 

Sodium. 

I 

8 

S 

£ 

Chlondes. 

?l 

oft 

H 




mg 

mg 

mg 

mg 

mg 

mg. 

2.-) 

7 months 


7 9 


232 

243 

304 

39 

46 



7 5 

2 8 

217 

217 

303 

46 

61 



6 8 


201 

144 

289 

44 

67 



7 4 

3 2 

122 

184 

288 

38 

67 



7 2 

2 2 

213 

153 



2‘> 



5 7 

3 1 

219 

212 

290 

30 

2! 



8 9 

3 0 

210 

271 

296 

28 

2S 



8 C 

2 8 

239 

192 

301 

37 

Aveiage 

7 months 

7 5 

2 8 

206 

202 

296 

37 

2 

8 months 


7 0 

1 4 

213 

233 

305 

23 

17 



5 8 

2 6 

238 

203 



20 



6 9 

3 2 

222 

192 


31 

22 



6 3 

2 9 

228 

163 

282 

36 

32 



8 0 

1 6 

194 

231 

1 301 

46 

71 



8 4 

1 8 

188 

201 



86 



8 3 

2 7 

174 

226 

295 


87 



7 3 

1 8 

189 

188 

298 


96 



8 0 

3 9 

238 

190 

298 


16 



8 9 

3 6 

149 

236 



Average 

8 months 

7 6 

1 2 6 

203 

206 

296 

34 

4 

9 months 


7 3 

1 8 

229 

173 

313 

40 

10 



9 2 

2 1 

184 

228 


37 

24 



6 6 

3 6 

203 

175 


27 

26 



8 4 

3 4 

317 

297 

297 

34 

29 



9 4 

2 7 

239 

200 

293 


62 



8 6 

1 1 

180 

227 

292 

35 

90 



7 1 

2 6 

288 

177 

301 


Aveiage 

9 months. 

8 1 

2 4 

234 

211 

299 

34 

77 

"lYn ra 


7 1 

2 6 

215 

208 

291 


18 



9 9 

1 5 

233 

251 

281 

41 

89 



7 9 

2 2 

174 

174 



92 



7 6 

2 9 

185 

186 

287 


91 



11 1 

2 4 

172 

221 

301 


96 



7 3 


192 

185 

302 


Average 

Term. 

8 3 

2 3 

195 

204 

292 
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TABLE ll— Concluded. 


Subject 

Period 

i 

Calcium 

Magnesium 

Sodium 

Potassium 

Chlorides. 

Total phos- 
phates. 



mg. 

mg 1 

mg 

mg 

mg 

mg 

12 

2 days postpartum. 

5 6 

3 8 

141 

281 


49 

13 


8 3 


292 

199 

319 

38 

30 


5 6 

3 1 

215 1 

236 

276 

45 

41 


6 1 

3 4 

184 

215 

281 

43 

42 


7 1 

2 8 

159 

174 

276 

35 

55 


8.5 

2 8 

177 

280 

273 

40 

73 

1 

9 6 

2 3 

214 

218 

314 


75 


9.0 

2 0 

158 

176 

316 


76 


7 5 

2 5 

186 

203 

288 


Average 

2 days postpartum 

7 4 

2 8 

192 

220 

294 

40 

16 

10 to 12 days postpartum 

7 9 

3 6 

193 

229 

1 


37 


7 0 

2 8 

194 

1 221 

284 


38 


6 9 

3 4 

190 

220 

1 255 

39 

68 


9 7 

1 4 

196 

1 212 

1 303 


61 


7 9 

1 4 

187 

188 

284 

46 

5 


6 3 

2 6 

164 

192 

267 

40 

35 


6 6 

2 9 

171 

228 


45 

56 


8 2 

3 2 

229 

219 

292 

44 

34 


6 1 

2 8 

172 

210 

289 

44 

6 


8 2 

1 1 


311 


39 

Average . 

10 to 12 days postpartum 

7 5 

2 5 

188 

223 

282 

42 


blood calcium content is somewhat higher than the corresponding 
figure in non-pregnant women. From these average figures it 
may also be observed that calcium has a tendency to become higher 
at the period of parturition than in the earlier months, although the 
highest figure is that of 4 months w^hen the average blood calcium 
is 8.6. After delivery there seems to be a tendency, judging by 
the average figures, of a return to the lower level. 

We are loath, however, to attach much significance to this 
apparent increase in blood calcium content when the period of 
gestation approaches term because of the very wide variations 
encountered when comparison is made of different individuals at 
the same period of pregnancy. We are inclined to believe that a 
greater number of estimations would eliminate this apparent 
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increase of blood calcium. In view of these relatively great indi- 
vidual variations we are justified in concluding .that a positive 
increase in calcium content of the blood with progress of the period 


TABLE III 

Summary (Average Figures) 


Period 

Cal- 

cium 

Mag- 

nesium 

So- 

dium 

Potas-' 

Slum 

Chlo- 

rides 

Total 

phos- 

phates 



mg 

mi 

mg 

mg 

mg. 

mj 

Normal 


6 9 

2 7 

182 

192 

286 

35 

3 months pregnant 

7 7 

2 6 

193 

196 

276 

37 

4 

a 

8 6 

2 0 

198 

193 

286 


5 

u 

7 1 

2 6 

198 

185 

296 

44 

6 

a 

7 7 

2 0 

204 

198 

298 

34 

7 

n 

7 5 

2 8 

206 

202 

296 

37 

8 

i< 

7 G 

2 5 

203 

206 

296 

34 

9 

n 

8 1 

2 4 

234 

211 

1 299 

34 

At term 


8 3 

2 3 

195 

204 

292 


2 days postpartum . 

7 4 

2 8 

192 

220 

1 294 

40 

10 to 12 days postpartum 

7 5 

2 5 

188 

223 

2S2 

42 


TABLE IV 

Ranges in Calcium Content of the Blood. 



Subject 

Cases 

Calcium 

Normal 


10 

ma 

5 8-80 

3 months pregnant 

10 

6 1-96 

4 

u 

4 

7 3-10 14 

5 ‘‘ 

it 

4 

6 5-75 

6 “ 

a 

11 

5 5-10 0 

7 “ 

n 

8 

5 7-89 

8 

it 

10 

5 8-89 

9 “ 

u 

7 

6 6-92 

At term 

. 

6 

7 1-11 1 

2 days postpartum 


5 6-96 

10 to 12 days postpartum . 


6 1-97 

1 


of pregnancy has not yet been demonstrated. These results 
therefore fail to lend support to the hypothesis of Bell and Hick 
that the increased calcium content of the blood at term is of sig- 
nificance in the induction of labor. 
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The values in pregnancy for the other constituents of the blood 
determined in general so closely resemble those in the blood of 
non-pregnant women as to be of little significance. 

The variations seen (see Table IV for example) in the individual 
cases at the same period of pregnancy are sufficiently pronounced 
to warrant further consideration. In the cases recorded two 
possible factors bearing upon the problem stand out with consid- 
erable prominence. One is the number of previous pregnancies; 
the other is the age of the individual. Concerning the number of 
pregnancies, 12 were the first pregnancy, 9 the second, 13 the 
third, 4 the fourth, 7 the fifth, 3 the sixth, 1 the seventh, 2 the 
eighth and ninth, 1 the tenth and eleventh, 2 the twelfth, and 1 the 
sixteenth. Analysis of these data demonstrates, however, that 
there is no relationship between the number of times a woman has 
been pregnant and the calcium content of the blood. Similar 
study with respect to age of the pregnant individual likewise 
failed to demonstrate any relation of age to calcium content of the 
blood. The ages under consideration varied from 16 to 40 3 X'ars; 
5 cases were under 20; 12 between 20 and 25, 21 between 25 and 
30, 7 between 30 and 35, and 10 between 35 and 40. 

CONCLUSIONS. 

Estimated upon whole blood average figures for calcium content 
of pregnant women are somewhat higher than those obtained 
from women not pregnant. 

With the course of pregnanc\’ little change can be demonstrated 
in the calcium of the blood 

This fact fails to support the hypothesis of Bell and Hick that 
increased calcium of the blood at term may be of direct significance 
in the induction of labor. 

The individual variations in the same period of pregnancy cover 
a relatively wide range, but apparently" are not associated with the 
number of pregnancies or with age. 

In general the inorganic constituents of the blood undergo little 
change during pregnancy. 
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THE METABOLISM OF INORGANIC SALTS. 


V. INORGANIC SALT METABOLISM IN COCAINE POISONING. 

By frank P. UNDERHILL and ERWIN G. GROSS. 

{From the Department of Pharmacology and Toxicology ^ Yale University j 

New Haven ) 

(Received for publication, August 13, 1923.) 

Numerous cases of acute poisoning have resulted from the use 
of cocaine as a local anesthetic. A concentration of 70 to 80 mg. 
may induce convulsions in man. In dogs, cocaine may produce 
symptoms of tetany that very closely resemble those following 
parathyroidectomy. The animals show generalized tremors, in- 
creased temperature, and rapid heart rate and respiration. When 
disturbed they may go into extreme convulsions which usually 
last from 5 to 10 minutes. Furthermore, as in parathyroid tetany, 
calcium salts inhibit the symptoms. 

Cocaine causes a central stimulation of the motor nerves 
and also of the sympathetic system. Reduction of calcium in the 
blood likewise exerts this effect. 

In 1921, Mayer (1), working with frogs, found that calcium 
chloride was antagonistic in action to cocaine. It not only re- 
lieved the toxic symptoms, but if administered before the cocaine, 
prevented the onset of cocaine poisoning. Later, Mayer (2) 
showed that CaCh works equally well in the warm blooded ani- 
mals, both as a preventive and as a cure. Especially marked was 
its action on the heart. The rapid heart rate following cocaine 
poisoning was slowed by calcium chloride. Digitalis was found 
ineffective against the toxic action of cocaine on the heai’t. 

According to the theory of Mayer the antagonistic action of 
calcium to cocaine is due to a physical change in the colloids of 
the cells. 

Zorn (3), previous to the work of Mayer, demonstrated that 
potassium salts increase the action of cocaine. 
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With the symptoms of cocaine poisoning so closely resembling 
parathyroid tetany, and the action of calcium salts in inhibiting 
the tetany, we were led to determine whether any changes occur 
in the inorganic constituents of the blood, similar to those 
in parathyroidectomy. 

EXPERIMENTAL. 

Procedure, 

Dogs fasted for 48 hours were used as experimental animals. 
Cocaine HCl was injected subcutaneously in doses sufficient to 
produce acute toxic symptoms. The blood for analysis was 
drawn from the external jugular vein. Chlorides were deter- 
mined by the method of Whitehorn (4), inorganic phosphates 
by the method of Briggs (5), and calcium, potassium, and sodium 
by the method of Kramer and Tisdall (6). The magnesium was 
determined by an adaptation of the Bell-Doisy phosphate method. 

The effect upon the inorganic ions following the administration 
of cocaine HCl is shown in Tables I, II, and III. 

No disturbance was noted in the inorganic constituents of the 
blood, except a slight increase in chloride content. The adminis- 
tration of calcium chloride gave prompt relief from the acute symp- 
toms. In the case of cocaine poisoning, the effect of calcium salts 
is apparently of a more permanent nature than in parathyroidec- 
tomy. In no case have we experienced any resumption of symp- 
toms after their relief by calcium. In parathyroidectomy the 
beneficial action of calcium salts is only temporaiy. The action 
of cocaine is directly on the nervous system, and calcium salts 
acting as a sedative overcome the stimulating effect of cocaine. 
The action of calcium is effective against other central nervous 
stimulants, for example, strychnine (7). 

Wc do not believe it is necessary to explain the action of cal- 
cium salts by a physical change in the cell colloids. Irnireased 
calcium ions are a central nervous depressant, thus they act 
antagonistically to the central nervous stimulants, as cocaine and 
strychnine. 

SUMMARY. 

Cocaine poisoning produces no change in the inorganic con- 
stituents of the blood. 
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TABLE I. 

Inorganic Constituents of the Blood during CocCtine Poisoning, 
Dog 1. Weight 11.0 kilos. 


Per 100 gm. whole blood. 


Chlo- 

rides. 

Inor- 1 
game 
phos- 
phates 

Calcium 

Potas- 

sium. 

So- 

dium 

[ 

Mag- 

nesium 

Remarks. 

mg. 

301 

mg. 

2 9 

mg 

5 8 

Serum 

per 

100 cc. 

11 6 

mg. 

31 2 

mg 

33 2 

mg. 

3 1 

i 

10 00 a m. Normal. 

11 45 Injected subcu- 

taneously 110 mg. cocaine 
HCl 

12 30 p.m Restless, but no 
other symptoms 

3 00 p m Injected subcu- 
taneously 110 mg cocaine 
HCl 

5 00 p m Restless. 

1 


1 



i 

10 00 a m. Condition nor- 
mal 

11 00 a m Given 110 mg. 
cocaine HCl 

3 00 p m Given 160 mg 
cocaine HCl 

4 00 p m Restless, but no 
tremors 

312 

2 8 

5 7 

Serum 
per 100 
cc. 

11 7 

29 1 

1 

32 8 

1 

2 7 

i 

10 00 a m Given 220 mg 
cocaine HCl 

11.30am. Given 110 mg. co- 
caine HCl 

12 10 pm Tremors and move- 
ment of head, increased t-em- 
perature Blood sample. 
The drawing of blood caused 
the animal to develop vio- 
lent convulsions, frothing 
at mouth, these convulsions 
continued about 5 min. 

2.30 p.m Dog still having tre- 
mors and head movements. 



i 




10 00 a m. Dog apparently 
normal. 



TABLE 11. 

Inorganic Constituents of the Blood during Cocaine Poisoning, 
Dog 2. Weight 17.0 kilos. 


Per 100 gm. whole blood. 


Chlo- 

rides. 

Inor- 

ganic 

phoB- 

pnates 

Calcium. 

Potas- 

sium. 

So- 

dium. 

Mag- 

nesium 

Remarks. 

mg. 

297 

mg, 

3 05 j 

i 

mg. 

5 6 
Serum 
per 100 
cc. 

10 7 

mg 

28 4 

mg. 

32 4 

mg 

2 4 

9 30 a m. Normal. Blood 

sample. 

10 20 a.m. Injected subcuta- 
neously 340 mg. cocaine 
HCl. 

11 00 a m Dog restless with 
pupils dilated. 

3 00 p.m. Injected subcuta- 
neously 610 mg cocaine 
HCl. 

4 00 p m. Dog very restless, 

head movements In- 

creased temperature 

315 

2 80 

5 8 

Serum 
per 100 
cc 

10 7 

1 

28 0 

31 5 

2 7 

4 10 p m Blood sample 

drawn; dog developed ex- 
treme convulsions during 
bleeding, frothing at mouth, 
rapid respiration, tongue 
very dark red 

4 35 p m Convulsions still 
continuing Injected sub- 
cutaneously 10 cc of 5 per 
cent CaCb. 

4 41 p.m Dog up in cage, 

respiration normal No 

convulsions, slightly rest- 
less 

5 00 p m. Apparently nor- 
mal. 

355 

3 1 

5 6 

Serum 
per 100 
cc 

10 7 

30 2 

31 7 

2 4 

9 30 a m Dog all right 

11 00 a m. Injected subcuta- 
neously 610 mg. cocaine 
HCl. 

11 15 a m Violent convul- 
sions lasting 6 min., but 
general symptoms continu- 
ing 

11 30 a.m. Dog died while 
attempting to draw blood. 
The blood was drawn im- 
mediately from heart. 
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TABLE III. 

Inorganic Constituents of the Blood during Cocaine Poisoning. 
Dog 3. Weight 14 0 kilos. 


Per 100 gm. whole blood 


Chlo- 

rides 

Inor- 

ganic 

phoe- 

pnates 

Calcium 

Potas- 

sium 

Sodium 

Mag- 

nesium 

Remarks 

mg 

306 

mj 

2 4 

mj 

5 8 

Serum 
per 100 

cc 

10 5 

mu 

29 4 

mg 

31 0 

mg 

2 4 

10 15 a.m. Normal. Blood 
sample 

*11 40 a m Injected subcuta- 
neously 280 mg cocaine 
HCl 

12 30 p m Dog’s head mov- 
ing continuously up and 
down, quite rapid opiening 
and closing of mouth 

330 

Lost 

5 9 

Serum 
per 100 
cc 

10 9 

i 

28 1 

31 5 

2 6 

2 45 p m. Blood sample 

drawn. Tremors and high 
temperature. 

2 50 p m Injected subcuta- 
neously 10 cc of 5 per cent 
CaCb solution. 

3 15 p m Dog practically 
noimal, slightly restless 

4 30 p m Still slightly rest- 
less. 

345 

2 6 

1 

5 7 

Serum 
per 100 
cc 

10 4 

32 3 

31 9 

3 1 

2 20 p m Injected subcuta- 
neously 14 mg cocaine 
HCl. 

2 45 p m Head movements 
similar to those of preced- 
ing day 

3 30 p m Blood sample. 

4 15 “ Injected subcuta- 

neously 10 cc. of 5 per cent 
CaCL. 

4 40 p.m Not much im- 
provement. 

5 00 p m. Nearly quiet. 

6 00 “ Symptoms appar- 

ently disappeared. Next 
day dog all right. 
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Calcium salts relieve the toxic symptoms of cocaine, by acting 
as central nervous depressants. 
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THE INFLUENCE OF HYDRAZINE UPON BLOOD CON- 
CENTRATION AND BLOOD SUGAR CONTENT.* 

By frank P. UNDERHILL and SAMUEL KARELITZ, Jr. 

{From the Department of Pharmacology and Toxicology^ Yale University^ 

New Haven ) 

(Received for publication, August 13, 1923 ) 

In earlier publications (1, 2) it has been shown that the sub- 
cutaneous injection of hydrazine sulfate into dogs causes a con- 
dition of marked hypoglycemia with an accompanying disappear- 
ance of glycogen from the liver and muscles It is probable that 
this reduction of carbohydrate in the body is caused by increased 
combustion (3). 

Aside from the influence upon carbohydrate metabolism it was 
also observed that blood solids (2) arc increased under the influ- 
ence of hydrazine poisoning. 

In view of these facts and the further fact that no attempt has 
be(*n made to follow closely the sequence of events in the blood 
stream experiments were planned to detennine changes in blood 
sugar content by fr(‘qu('nt estimations and to pay particular 
attention to alterations in blood concentration. The latter con- 
dition is regarded as of grave import in a number of pathological 
states. 

As a result of this investigation it may be stated that the injec- 
tion of hydrazine into dogs causes a marked increase in blood con- 
centration, a condition which ma^' be regarded as a contributing 
factor for death of the animals. 

EXPERIMENTAL. 

Methods, 

Fasting dogs in good physical condition received hydrazine 
sulfate in a 25 per cent solution by subcutaneous injection in doses 

* The data are taken from the thesis of Dr Samuel Karelitz, Jr., pre- 
sented in partial fulfillment of the requirements for the degree of Doctor of 
Medicine, Yale University, 1923 


147 



148 


Hydrazine on Blood Concentration 


ranging from 50 to 75 mg. per kilo. Blood sugar was determined 
by the method of Folin and Wu, and hemoglobin according to the 
procedure of Smith and Cohen, the blood being drawn from a vein. 

Influence of Fasting upon Blood Sugar and Hemoglobin Contents, 

Inasmuch as dogs poisoned with hydrazine refuse food control 
experiments were carried through upon normal fasting dogs; a 
typical protocol, Table I, being illustrative of the results obtained. 
From this table it is quite apparent that the changes observed in 

TABLE I 


Influence of Fasting upon Blood Sugar and Hemoglobin Contents. 


Day of fasting 

Time 

Hemoglobin 
in percentage of 
normal 

Glucose per 100 cc 
blood 

1 

a m. 

100 

m] 

93 


p 

102 

88 

2 

a m 

105 

86 


p m 

112 

90 

3 

a m. 

109 

92 


p m 

101 

87 

4 

a m. 

103 

90 


p m. 

98 

98 

5 

a m 

105 

95 


p m 

101 

100 

6 

a m 

106 

89 


both blood sugar and hemoglobin contents are too small to be of 
any practical significance. It is, therefore, evident that fasting 
alone is without significant influence upon the problem under 
discussion. 

Influence of Hydrazine upon Blood Sugar and Hemoglobin 
Contents, 

In Tables II, III, and IV are given results, typical of many 
others, which show the influence of hydrazine upon blood concen- 



F. P. Underhill and S. Karelitz, Jr. 


149 


TABLE 11. 

Influence of Hydrazine upon Blood Concentration and Blood Sugar Content. 


Subcutaneous Injection of 50 Mg. per Kilo of Hydrazine Sulfate into a Dog of 

6.5 Kilos. 


Hours after hydrazine 
injection. 

Hemoglobin in percentage 
of normal 

Glucose x>er 100 oc blood. 

Before. 

100 

; mg. 

107 

1 

103 

143 

2 

103 

152 

6 

105 

237 

8 

108 

263 

12 

122 

156 

22 

12S 

125 

24 

130 

97 

27 

140 

58 

Died. 

1 



TABLE III 

Influence of Hydrazine upon Blood Concentration and Blood Sugar Content. 


Subcutaneous Injection of 75 Mg per Kilo of Hydrazine Sulfate into a Dog of 

10 Kilos 


Hours after hydrazine 
injection 

Hemoglobin in percentage 
of normal 

Glucose per 100 cc blood 

Before 

100 

mg. 

98 

5 

118 

108 

22 

135 

115 

29 i 

145 

120 

46 

188 

81 

54 

156 

71 

Died. 




Subcutaneous Injection of 76 Mg per Kilo of Hydrazine Sulfate into a Dog of 

8 5 Kilos. 




mg. 

Before. 

100 

115 

2 

95 1 

122 

4 

107 i 

113 

22 

135 

172 

25 

127 

168 

48 

144 

129 

53 

109 I 

131 

71 

Recovered. 

119 

114 
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tration and blood sugar content. The increased concentration of 
the blood is very striking, the degree of hypoglycemia is less evi- 
dent, and although significant, is not as marked., as the results of 
earlier work. It is also of interest to note that wl^en the animals 
recovered, which occasionally occurs, increased blood concentra- 
tion, although high, is transitory, whereas when a fatal outcome 
ensues blood concentration usually becomes progressively greater 
up to the •time of death. From our experience with other patho- 
logical states in which blood concentration is a prominent feature 
we are inclined to the belief that in hydrazine poisoning a con- 
centrated blood must be regarded as an important contributing 
factor in the fatal outcome. 

TABLE IV 

Influence of Hxjdrazine upon Blood Concentration and Blood Sugar Content. 

Subcutaneous Injection of 75 Mg per Kilo of Hydrazine Sulfate into a Dog of 

10 5 Kilos 


Hours after hydrazine 
injection 

Hemoglobin in percentage 
of normal 

Glucose per 100 cc bloo( 

Before. 

100 

mg 

114 

4 

102 

135 

20 

141 

116 

31 

148 

112 

45 

162 

93 

52 

178 

76 

Died 




Another factor which is of considerable significance is the 
early state of hyperglycemia without any evidence of glycosuria 
when tested by the ordinary reduction tests. Generally the degree 
of hyperglycemia here attained causes the appearance of sugar in 
the urine and why glucose fails to evidence itself in hydrazine 
poisoning is not quite clear since there is no indication under these 
circumstances of any decrease in renal integrity. 

Blood concentration in hydrazine poisoning may be due to one 
of two causes. In the first place, since the drug exerts an almost 
specific (4) influence upon the liver it may evoke the mechanism 
leading to blood concentration described by Lamson (5) as pecu- 
liar to the liver, or, in the second place, the concentrated blood 
may be ascribed to less specific factors, as loss of fluid and failure 
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of fluid intake. Until more certain knowledge of the exact mech- 
anism is available we are inclined to regard the second set of factors 
as suflSicient explanation for the appearance of the phenomenon 
under discussion. When a dog is poisoned with hydrazine more 
or less constant salivation, vomiting, and diarrhea are in evidence, 
and there is an inability for at least 48 hours to retain either food 
or water. We believe that these conditions are sufficient to 
account for the increase in blood concentration. 

From the data it is quite evident that there is no direct rela- 
tionship between the degree of blood concentration and the blood 
sugar content, although usually the highest blood concentration 
occurs when hypoglycemia is lowest. The degree of hypoglyce- 
mia in these animals was much less marked than in those reported 
in previous papers, the cause being unknown. 

CONCLUSIONS. 

Hydrazine poisoning in dogs causes a marked increase in blood 
concentration which is ascribed to fluid loss and failure of fluid 
retention. It is probable that concentration of the blood may be 
a prominent factor contributing to the usual fatal outcome of this 
intoxication. 

There is no necessary relationship between the degree of blood 
concentration and the extent of hypoglycemia induced by hydra- 
zine, although generally blood concentration is at its maximum 
when hypoglycemia is most marked. 

Previous to the notable decrease in blood sugar content a transi- 
tory condition of hyperglycemia prevails without the appearance 
of sugar in the urine and without any evidence of a kidney lesion. 
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STUDIES IN CARBOHYDRATE METABOLISM. 


XXL THE RELATION OF SUGAR EXCRETION TO RENAL 
INTEGRITY.* 

By frank P. UNDERHILL and GUSTAV WILENS. 

(From the Department of Pharmacology and Toxicology, Yale University, 

New Haven.) 

(Received for publication, A'ugust 13, 1923.) 

The relation of the kidney membrane to blood sugar content 
has always presented interesting problems. Thus, for example, 
it is believed that phlorhizin exerts a specific action on the kidney 
producing glycosuria even though blood sugar content remains 
within normal limits. On the other hand, glycosuria usually 
occurs as a result of a hyperglycemia. The renal threshold for 
sugar is a variable factor, for during pregnancy it is lowered at 
times, and in the progress of chronic diabetes there is manifested 
on the part of the renal filter a tendency to hold back sugar even 
though a simultaneous hyperglycemia may be present. Neu- 
bauer considers that there exists a relationship between increased 
blood pressure and hyperglycemia (1). In sixteen cases of neph- 
ritis with increased tension Hopkins (1) noted a moderate 
increase in blood sugar in eleven. In ten other cases without 
tension, three were hyperglycemic. In all cases of nephritis he 
observed a gradual return of the blood sugar to normal subsequent 
to oral administration of glucose. 

The clinical suggestion that in diabetes of long standing the 
renal membrane becomes less penneable to sugar has led us to 
test the converse problem; namely, the influence of a definite 
kidney lesion to blood sugar content. 

* The data are taken from the thesis of Dr. Gustav Wilens, presented m 
partial fulfillment of the requirements for the degree of Doctor of Medicine, 
Yale University, 1923. 
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Carbohydrate Metabolism. XXI 


TABLE I. 

Influence of Sodium Tartrate Nephritis upon the Blood Stigar of a Fasting 

Rabbit, 

Rabbit G. Weight 3,700 gm Water given. 





Urine. 

Blood 


Day 

Hour 

Water 

intake 

Volume 

Sugar 

Sugar 

Hemo- 
globin in 
percent- 
age of 
normal. 

Remarks 



cc. 

cc 

mg. 

mg. 



6 

9 am. 




178 

100 



12 n. 





105 



/) p m. 

200 

160 

271 

192 

119 


7 

9 am. 




144 

99 



12 n 





100 



5 pm. 

256 

172 

137 

151 

77 



2.8 gm of tartaric acid neutralized with NaOII in 10 cc of H 2 O injected 

subcutaneously. 


8 

9 am. 




163 

84 

Paralysis of hind 


12 n. 





82 

legs 


5pm 

308 

10 

6 

166 

96 


9 

9 am. 




190 i 

84 

Same. 


12 n 





83 

Tremors. 


5pm 

250 

15 

2 

172 

84 

Ataxia 

10 

9 am. 




250 

78 

Same. 


12 n. 





72 



5pm 

195 

148 

242 

208 

69 


11 

9am 




203 

64 

Same 


12 n. 





S 60 

Glycosuria. 


5pm 

145 

129 

268 

303 

54 


12 

9am 

0 

39 

111 



Found dead. 








Glycosuria 


Autopsy — Swollen, pale, soft kidneys Pneumonia of right lung with 
scattered patches in left lung 39 cc of urine in bladder. Large organized 
clot in sacrum over sacral nerve plexus, and attached to left femoral vesselfl. 
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EXPERIMENTAL. 

Methods. 

Tartrate nephritis was induced in normal fasting rabbits by 
subcutaneous administration of sodium tartrate in doses of 50 to 
75 mg. per kilo. Estimations were made on blood from a mar- 
ginal ear vein of blood sugar, by the method of Folin and Wu, and 
of hemoglobin by the Cohen and Smith procedure. Sugar in the 
urine was determined by* the Benedict and Osterberg method. 

Influence of Tartrate Nephritis upon Blood Sugar Content of the 

Fasting Rabbit. 

In this series of experiments (see Tables I, II, and III) the ani- 
mals received tartrate at the end of the 2nd day of fasting. As 
soon as 24 hours subsequent to the injection of tartrate a distinct 
rise in blood sugar content occurs, although this is only transitory. 
Later there is a distinct fall to normal or below and simultaneously 
there is a decided increase in the urine sugar output. Just before 
or during the period of high blood sugar, one observes a decrease 
in urine volume and sugar excretion. This observation coincides 
with the statement by Underhill, Wells, and Goldschmidt (2) 
that sodium tartrate inhibits glycosuria in phlorhizinized ani- 
mals. Underhill (3) showed that this inhibition occurs even with- 
out the use of phlorhizin. Upon the basis of these facts the quan- 
tities of sugar eliminated by the normal kidney must be retained 
by the damaged kidney, being manifested b}^ the appearance of 
hyperglycemia. The results detailed in the accompanying tables 
tend to confirm this. However, one must bear in mind the possi- 
bility that extrarenal factors play a part in the production of hy- 
perglycemia represented above. Underhill, Wells, and Gold- 
schmidt (2) claimed that ^‘Neither the hver nor the adrenal ex- 
hibits any detrimental effect from the injection of tartrates.^' 
However, one may have altered function without any obvious 
anatomical correlation (4). Moreover, if one assumes that tar- 
trate has a specific extrarenal influence in the production of hyper- 
glycemia would one not expect the high point of excess blood sugar 
to occur simultaneously with the greatest concentration of the 
drug? This would probably occur about 24 hours after injection. 
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TABLE U. 

Influence of Sodium Tartrate Nephritis upon the Blood Sugar of a Fasting 

Rabbit. 

Rabbit H. Weight 2, 100 gm. Water given. 


Day 

Hour 

Urine 

Blood 

Water 

intake 

Volume 

Sugar 

Sugar 

ghobm^n Remarks 

percent- 
age of 
normal 



cc cc 

mg 

mg 


6 

9am 



133 

100 


12 n 




177 


5pm 

84 30 

58 

192 

106 

7 

9am 



144 

86 


12 n 




90 


5pm 

68 27 

47 

135 

85 


2.1 gm of tartaric acid neutralized with NaOH in 10 cc of H 2 O injectec 

subcutaneously 


8 

9am 

12 n. 




128 

85 

86 



5pm 

224 

19 

15 

144 

88 


9 1 

9am 




166 

87 

Ataxia 


12 n 





85 

Tremors 


5pm 

210 

0 

0 

158 

77 


10 

9am 




133 

78 i 

Severe diarrhea. 


12 n 





79 



5pm 

86 

! 0 

i 0 

132 

70 


11 

9am 




123 

64 

Same. 


12 n 





55 



5pm 

200 

0 

0 

131 

37 


12 

9 am. 




148 

20 

Dyspnea. 


12 n. 





25 

Glycosuria. 


5pm 

0 

8 

16 

307 

12 



Died following convulsions and coma. 


Autopsy — Soft, swollen, pale, granular kidneys. About 26 cc. of straw- 
colored fluid m peritoneal cavity. Intestine contained fluid and walls 
appeared gelatinous. Bladder empty. 
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An inspection of the tables reveals no such phenomenon. In fact 
it is later than the first 24 hours that the peak of glycemia is 
reached. Also, the anuria, the diuresis with fall in blood sugar 

TABLE III. 

Influence of Sodium Tartrate Nephritis upon the Blood Sugar of a Fasting 

Rabbit, 


Rabbit B. Weight 3,000 gm. Water given 


Day 

Hour 

Water 

intake 

Urine 

! 

Blood 

Volume 

Sugar 

Sugar 

gfcn 

percent- 
age of 
normal 



cc 

cc 

mj. 

mo 


3 

9am 




i9d 

100 


12 n 





99 


5pm 

50 

65 

46 

198 

101 

4 

9am 


t 


196 

100 


12 n. 





102 


5 pm. 

60 

50 

50 

208 

104 


2.25 gm. of tartaric acid neutralized with NaOH in 10 cc of H 2 O injected 

subcutaneously 


5 9am 




145 

95 


12 n 





92 1 


5 p m. 

80 

15 


156 

89 


6 9 a.m 




151 

78 


12 n. 





70 


5pm 

45 

0 

0 

to 

65 

Anuria 

7 9am 




189 

78 


12 n. 





I 74 

Diarrhea. 

5 p m. 

100 

0 

0 

192 

1 66 

Anuria. 


Died in coma followmg day, 

Autopsy — Soft, pale, edematous kidneys No urine in bladder About 
20 cc. of straw-colored fluid in peritoneal cavity. 


level, and the secondary rise tend to favor the hypothesis that the 
hyperglycemia is due to altered kidney function. 

On the other hand, it is well known that uremia, dyspnea, 
edema with chloride retention, and other conditions may be asso- 
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dated with hyperglycemia. It is possible that tartrate nephritis 
does away with the ability of the kidneys to remove excess of acids 
formed in a state of increased metabolism as in the animals under 
discussion. Acidosis and dyspnea would result. At times these 
rabbits were quite obviously dyspneic. According to Peabody 
^^the acidosis of renal disease runs parallel to the accumulation 
of waste nitrogen in the blood and to the ability of the individual 
to eliminate phenolsulphonephthalein.^^ Underhill and Blather- 
wick (5) and Potter and Bell (6) have shown that a retention of 
nitrogen and a decrease in excretion of phenolsulfonephthalein 
can occur in tartrate nephritis. From these facts it is possible 
that both renal and extrarenal factors play a role in the establish- 
ment of a condition of hyperglycemia in rabbits made nephritic 
by sodium tartrate injection. 

In Rabbit H, Table II, it may be seen that the rise in blood 
sugar subsequent to tartrate injection is not as great as that occur- 
ring with the other animals. If one may assume that the intes- 
tines take over in part the function of the damaged kidneys, the 
explanation for this diverse result is apparent. In this animal 
diarrhea was most severe and at autopsy the intestines contained 
fluid, the walls being remarkably transparent and gelatinous in 
appearance. Kleiner (7) does not believe that the gastrointestinal 
tract compensates very signifiicantly in the absence of kidney 
function, a view which is in direct contrast to that of MacCallum 
who states (8): “that in the absence of the kidney the intestines 
assume a supplementary excretorj^ function.’’ 

The concentration of hemoglobin tends to fall in all the animals 
under observation. If this dilution of the blood noted above takes 
place without significant anemia, then the blood sugar values 
given in the tables are actually higher than they appear. But as 
a notable uniform dilution has been observed in control experi- 
ments, one must conclude that anemia as well as hydremia takes 
place in tartrate nephritis. Both anemia and hydremia may be 
present in certain types of human nephritis. 

Tartrate nephritis, especially in the acute stages, is essentially 
a tubular affair. However, it is possible that the vascular portion 
may be influenced by the intracapsular pressure produced by the 
reaction to the injury. Glomerular lesions arc rarely seen during 
the acute stage. Indefinite accumulations of serum in Bowman’s 
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capsules have been observed during the period of chronicity (9). 
The anuria produced is the result of obstruction of the uriniferous 
tubules by extensive plugs composed of epithelial and leucocytic 
debris, and the increased intracapsular pressure. From the ta> 
bles it may be seen that at certain times the kidneys are quite 
capable of removing sugar from the blood, although the greater 
portioh of the tubules has been damaged. It must, therefore, be 
concluded that the glomeruli normally are active in the elimina- 
tion of glucose, or that under the circumstance of epithelial necro- 
sis they have taken over the function of the cells lining the tubules. 
If the glomeruli normally remove sugar from the blood stream, 
either ver>" small amounts come through, or larger quantities are 
reduced by reabsorption by the cells, because the sugar in normal 
urine is very small compared to the blood sugar. If this be true, 
the facts fit nicely with the ^Veabsorption theory of Cushny, and 
would explain, in a measure, why chronic diabetics with elevated 
blood sugar levels do not present glycosuria. It is known that 
diabetics with nephritis present albuminuria with glycosuria. 
When the albuminuria clears up, in some cases the glycosuria 
ceases, and it may be that a similar mechanism is concerned with 
this observation (10). 

Influence of Subcutaneous Injecito7}s of Glucose upon Blood Sugar 
Content in Tartrate Nephritis, 

If in tartrate nephritis an elevation of blood sugar occurs, it 
would be of interest to determine the influence upon blood sugar 
content of glucose introduced into the nephritic animal. In 
Tables IV and V such data are detailed. In the two examples 
cited one animal received a subcutaneous injection of glucose 1 
day subsequent to the injection of tartrate, the other on the 3rd 
day. Following the injection of the tartrate one sees again an 
elevation of blood sugar. In Rabbit D, Table IV, the rise in 
blood sugar is noticed after introduction of the sugar, but this is 
no more marked than that observed in other experiments where 
tartrate only had been administered. This rise is coincident with 
a drop in urine volume and urinary sugar. Then there appears an 
increase in kidney function, namely diuresis, and perhaps glyco- 
suria with a fall in blood sugar level. Again, as the kidney shuts 
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TABLE IV 

Influence of a Subcutaneous Injection of Glucose upon the Blood Sugar of a 
Fasting Rabbity Previously Made Nephritic by a Subcutaneous Injec- 
tion of Sodium Tartrate. 


Rabbit D. Weight 3,200 gm Water given 





Urine 

Blood 


Day 

Hour. 

Water 

intake 

Volume 

Sugar 

Sugar 

Hemo- 
globin in 
percent- 
age of 
normal 

Remarks 



cc 

cc 

m? 

mg 



16 

9 am. 




136 

100 



12 n 





101 



5pm 

106 

110 

85 

133 

93 


17 

9am 




98 

103 



12 n 





105 



5 pm. 

CO 

54 

56 

105 

102 



2 4 gm. of tartaric acid neutralized vnth NaOII in 10 cc of H^O injected 

subcutaneously 


18 

9am 
12 n. 
5pm 

186 

46 

58 

119 

144 

97 

94 

84 


16 gm of glucose in 160 cc of H 2 O injected subcutaneously. 

19 

9am 




213 

85 



12 n 




270 

84 



5pm 

36 

0 

0 

175 

86 

Drowsy 

20 

9am 




135 

92 



12 n 





87 



5pm 

44 

273 

1 

470 

150 

92 

Diarrhea. 

21 

9am 




219 

117 



12 n. 





119 

Conjunctivitis. 


5 pm. 

104 

142 

473 

312 

120 


22 

9am 




235 

113 



12 n 




370 

112 

Ataxia. 


5pm 

74 

0 

0 

377 

111 

Very drowsy. 

23 

9 am. 

0 

52 

208 



Found dead. 


Autopsy . — All organs appeared normal except kidneys, which were pale, 
soft, and swollen 52 cc of urine found in bladder 
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TABUS V. 

Influence of a Svbcutaneoua Injection of Glucose upon the Blood Sugar of a 
Fasting Rabbity Previously Made Nephritic by a Subcutaneous Injec- 
tion of Sodium Tartrate. 


Rabbit C. Weight 2,600 gm. Water given. 





Urine. 

Blood. 


Day. 

Hour 

Water 

intake. 

Volume 

Sugar 

Sugar. 

Hemo- 
globin in 
percent- 
age of 
normal 

Remarks 



cc 

cc 

mg. 

mg 



8 

9 a.m. 




149 

100 



12 n. 





101 



5pm 

60 

85 

85 

142 

'102 


9 

9 a.m. 




158 

92 



12 n. 





80 



5 p.m 

116 

80 

71 

142 i 

74 



1.95 gm. of tartaric acid neutralized with NaOH m 10 cc. of H 2 O injected 

subcutaneously. 
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down the blood sugar becomes elevated to an even higher level. 
During the increase in urine volume one observes a slight concen- 
tration of the blood and an increase of water intake. 

Rabbit C reacted less intensely to the injection of the tartrate, 
anuria never being present, although kidney function was de- 
cidedly diminished and blood sugar was raised. A supplementary 
rise in blood sugar followed the glucose injection with a subsequent 
increase of kidney function and a fall in blood sugar. 10 days 
after the injection of tartrate blood sugar was still elevated. 
From these experiments it is quite obvious that following tar- 
trate nephritis there appears a state of hyperglycemia in rabbits 
and at times there may be increased kidney function as far as the 
elimination of sugar is concerned. In other words, the threshold 
to sugar appears to be alternately elevated and lowered in tartrate 
nephritis. An injection of glucose results in a still higher eleva- 
tion of blood sugar which is in excess of that noted with tartrate 
alone. 


CONCLUSIONS. 

In experimental taitrate nephritis the renal threshold to glucose 
is altered, irregularly favoring the blood or the urine. 

The administration of glucose to nephritic animals is followed 
by still higher levels of blood sugar content. 
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GLUCOKININ. 


AN APPARENT SYNTHESIS IN THE NORMAL ANIMAL OF 
A HYPOGLYCEMIA-PRODUCING PRINCIPLE. 
ANIMAL PASSAGE OF THE PRINCIPLE. 

THIRD PAPER. 

By J. B. COLLIP. 

{From the Department of Biochemistry^ University of Alberta^ 
Edmonton^ Canada.) 

(Received for publication, June 15, 1923.) 

INTRODUCTION. 

When it was found that hypoglycemia of a marked degree 
developed at such irregular intervals in a series of normal rabbiti^ 
injected with various plant extracts, it was decided to observe 
the effect of the blood of a reacting animal upon other normal 
animals. It was at once found that the whole blood (defibrinated) 
or the serum separated from defibrinated blood taken from a 
reacting animal either before or after death produced, with 
remarkable uniformity, hypoglycemia in normal rabbits. The 
reaction in the second animal was manifested as a rule within 
24 hours even though the reaction in the first animal might have 
been as long delayed as several weeks. It was then found that 
the whole blood (defibrinated), or serum obtained from serum- 
or defibrinated blood-inoculated rabbits would also produce 
hypoglycemia in a third animal. Having established, therefore, 
that animal passage was possible, a scries of experiments was at 
once planned and carried out in order to test out just how far 
animal passage could be carried and to determine if an actual 
increase in potency occurred as the number of animal passages 
was increased. The results of the preliminary experiments on 
this new problem are described and discussed below. The 
phenomenon of animal passage is illustrated graphically in 
Charts 1 to 5. 
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Methods. 

The methods of preparing extracts of plant tissues containing 
glucokinin have been described in a previous paper (1). 

ymimcmm - ruction iN34Diiy5 



Chakt 1. 


Legend for Charts. — Circles represent individual normal rabbits. 
The weight of the animal is given on the left of the circle, the time in hours 
for manifestation of convulsions, very low blood sugar, or death is given on 
the right of the circle, while the amount of defibrinated blood (B) or serum 
(S) injected is given on the line joining the circles. 
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As the main purpose of the experiments, the results of which 
are outlined below, was to determine the extent to which animal 
passage of this principle was possible, blood samples for rein- 
jection were not taken until the animal under observation had 

omN mmim (mmm onion m) 



manifested very definite signs of hypoglycemia^ — very low blood 
sugar, extreme weakness, or convulsions. A certain number of 
experimental animals died before blood samples were taken. 
If in such instances the animal was still quite warm when found, 
a blood analysis was made, but if the animal was cold no blood 
analysis was made but a blood sample was taken direct from the 
heart and reinjected into another normal animal. The blood was 
in practically every instance defibrinated by whipping. The whole 
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blood after defibrination was then used for injection into other 
animals, but in a few experiments serum separated from the 
defibrinated blood was used. The injections were made under 

M Gimm (Ike ofShp) 



the skin on the dorsal surface. Those instances in which in- 
travenous injections were made are indicated in the tables. 
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Blood samples for sugar estimation were withdrawn from a 
marginal ear vein at various times from the injected animals. 
Heart puncture was resorted to in a few special cases. 

Sugar determinations were made by the Shaffer-Hartmann 
method (2). 

itccsmn mn treated mmmm m 

115 


045 


C65 


fl 


/85 

Chart 4. 

The rabbits used were stock animals which had lx?en fed hay 
and oats. No preliminary fasting period was imposed, but the 
animals were not fed during the period of observation unless 
otherwise indicated. 

DISCUSSION AND FURTHER RESULTS. 

The following conclusions may be drawn from results shown 
in Table 1. (1) The blood of a rabbit, dying with hypoglycemia 

as a result (either direct or indirect) of previous inoculations 
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with a plant extract, is capable of producing profound hypogly- 
cemia and death when such blood is injected into other normal 
rabbits. (2) When normal rabbits are so inoculated and later 
die with hypoglycemia the blood of these aniinals has similar 
properties. (3) Animal passage would seem to be possible to 

pumo moKiNiN - /50CC Gm5 SUP 

os90f)jom 



an indefinite extent. (4) An organism as the causative agent 
is very improbable. (5) The characteristic symptoms — low blood 
sugar, extreme weakness and general atonia, and convulsions — 
may be antidoted temporarily by the administration of glucose, 
but the ultimate fatal issue has not been offset as yet by such a 
procedure. 

While the results of the above experiments are very clear-cut 
the explanation of this remarkable phenomenon is not apparent. 
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It is a matter of great interest to know if the blood of insulinated 
rabbits has similar properties to the passage blood used in these 
experiments. When the typical symptoms of insulin hypogly- 
cemia in normal rabbits were first noted by the writer, it was 
found that the blood of a convulsed animal did not produce 
hypoglycemia when administered to another normal rabbit. 
The second animal was observed for only a short period at that 
time. This experiment has therefore been repeated. The result 
obtained is given in Table II. 

It is also true, as the experiment outlined in Table III will 
indicate, that normal rabbits which have been fasted for a period 
of 5 days or longer may manifest Somewhat similar symptoms 
(extreme weakness, collapse, and convulsions) and die in a con- 
dition of hypoglycemia. The results obtained in the above 
experiment cannot, therefore, be attributed entirely to the fact 
that the first animal in the series had received insulin. 

It is possible that the time of duration of a condition of low 
blood sugar may be in some manner associated with the ap- 
pearance in the blood stream of the reacting animal of an hypo- 
glycemia-producing principle. To test out this possibility rab- 
bits were given relatively enormous doses of insulin and when 
symptoms developed they were antidoted by glucose adminis- 
tration. It was found in these experiments that such an insuli- 
nated animal would continue to develop typical symptoms of 
h 3 poglycemia at intervals of a few hours. For a time the 
sy mptoms could ‘be absolutely controlled by glucose administra- 
tion, but the animal finally died. It would appear, therefore, 
that the behavior of an animal receiving an extreme overdose of 
insulin is quite like the behavior of the blood passage animals 
described in Tables I, II, and III. The symptoms can be antidoted 
only temporarily by glucose administration. See Table IV. 

Spontaneous Hypoglycemia, 

It is also worthy of note that on occasions a stock rabbit may 
develop symptoms of low blood sugar and die in convulsions. 
The liver of such an animal has been shown on examination to 
be full of cysts, and on microscopic examination Coccidta oviforme 
have been found and extensive degenerative changes have been 



TABLE I. 
Animal Passage. 
I Blood I 
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21 I Rabbit 16. 600 4 00 “ 7 cc. defibrinated blood from No. 17. 

22 1 8 00 “ 0 030 At death. 
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June 3 Rabbit 133. 9 1,200 12 00 n. 0 05 cc. defibrinated blood from No. 137. 

‘‘ 4 9 00 a m. 0 024 Typical convulsions. Bled out at once. 
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noted. The blood of such an animal has produced hypoglycemia 
when injected into another normal rabbit. This is illustrated 
by the experiments shown in Table V. 

Guanidine Hypoglycemia, 

Guanidine hypoglycemia has been previously observed by 
Watanabe (3). A normal rabbit injected with guanidine sulfate 
may develop in the course of many hours symptoms of hypo- 
glycemia simulating in a general manner the effect of certain 
plant extracts. Two series of animal passages of a hypoglycemia- 
producing principle have been made, using the blood of a guani- 
dinized animal. The results of these experiments are shown in 
Table VI. 

Nature of the AcMt Principle. 

Experiments already quoted (Series 1) would indicate that a 
thermostabile substance in the blood of a reacting animal is 
responsible for the production of the specific effect in the inocu- 
lated animal (in a series of animal passages). Experiments 
shown in Table VII would indicate that the substance is not 
only thermostabile but in all probability a fairly simple organic 
compound. 

Since spontaneous hypoglycemia may occur at times and also 
since prolonged fasting may lead to death with hypoglycemia 
some of the earlier experiments quoted are open to criticism. 
It might be necessary, therefore, to exclude all experiments 
(bearing an animal passage) in which definite symptoms were not 
manifested within 2 or 3 days and in which coccidial infection 
was not excluded. The liver and other tissues of all experi- 
mental animals are now being submitted to microscopic examina- 
tion. In only a few instances has the liver of an experimental 
animal been found absolutely free from small white spots on the 
surface. These surface markings have varied from two or three 
to thirty or forty in number. The lobular tissue, how^ever, in the 
majority of cases shows no marked abnormality, while in other 
instances degenerative Changes of varying degrees have been 
noted. Professor Revell has kindly undertaken a detailed histo- 
logical study of certain tissues of experimental animals dying 
with hypoglycemia induced in various ways. His results will be 
reported at a later date. 
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As profound hypoglycemia can be produced in normal rabbits 
by a variety of agents one is led to ask the question — May not 
all these agencies act in the same fundamental manner? Mann 
and Magath (4) have shown that hepatized animals develop hypo- 
glycemia and that the symptoms can be antidoted for a time by 
glucose. It is possible that extensive liver damage, as in coccidial 
infection in rabbits, might be the underlying cause of certain 
cases of spontaneous hypoglycemia noted. There is a possibility, 
and it is only a possibility, that insulin, guanidine, and certain 
constituents of plant extracts are related chemically in some 
fundamental manner. 

SUMMARY. 

1. Profound hypoglycemia has Ibeen observed to occur in 
normal rabbits under the following circumstances: (a) Animals 
injected with certain plant extracts; (b) insulinated rabbits 
(extreme overdosage); (c) animals injected with guanidine sul- 
fate; (d) spontaneous occurrence (Cocctdia oviforme found in 
liver); and (e) after prolonged fasting. 

2. The blood of normal rabbits which have developed hypo- 
glycemia under any one of the above circumstances has produced 
profound hypoglycemia when injected into other normal rabbits. 

3. The blood of normal rabbits which have so developed hypo- 
glycemia has likewise produced hypoglycemia when injected into 
other normal rabbits. 

4. Animal passage (rabbit) of a hypoglycemia-producing prin- 
ciple would seem to be possible to an indefinite extent. 

5. The symptoms of hypoglycemia which have been observed 
in these experiments are weakness, which may lead to collapse, 
convulsions, and death. 

6. The symptoms of extreme weakness or convulsions have 
been relieved by the administration of glucose. The symptoms 
continued to recur at intervals of a few hours. They were in 
most instances effectively relieved for a time by glucose, but 
death has ultimately resulted. 

7. The following observations have been made with regard 
to the nature of the hypoglycemia-producing principle: (a) It 
is active after autoclaving at 15 pounds pressure; (6) it can be 
dialyzed; (c) watery solutions can be concentrated by boiling 
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over a free flame; (d) it is present in the filtrate obtained after 
treating passage blood with tungstic acid (Folin-Wu technique); 
and (e) it can be removed from passage blood by ammonium 
sulfate. 

8. A lethal dose for a full grown rabbit may be contained in as 
small an amount of passage blood as 0.05 cc. 

This research has been financed by a grant from the College 
of Physicians and Surgeons of the Province of Alberta to whom 
I wish to express my best thanks. 

Addendum — Recently I have obtained through the kindness of Dr. F. 
C. Mann of the Mayo Clinic a sample of blood from a hepatized dog. 
The injection of this blood into normal rabbits has been followed by a 
state of hypoglycemia 
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SOME BASIC SUBSTANCES FROM THE JUICE OF THE 
ALFALFA PLANT.* 

By CHARLES S LEAVENWORTH, ALFRED J. WAKEMAN, and 
THOMAS B OSBORNE 

(From the Lahoratonj of the Connecticut Agricultural Experiment Station^ 

New Haven ) 

(Received for publication, Septemlx'r 19, 1923.) 

In a recent paper in this Journal,^ we stated the distribution 
of nitrogen, as determined by Hausmann’s modified method, in 
the filtrate obtained from the precipitate produced by adding 53 
per cent by weight of alcohol to the undiluted juice of the green 
alfalfa plant. It was there shown that before hydrolysis with 
strong acids about 40 per cent of the nitrogen was precipitated by 
phosphotungstic acid, whereas after boiling with 20 per cent HCl 
for 14 hours the amount thus precipitated was only half as much. 

An attempt to detennine the nature of the substances pre- 
cipitated by phosphotungstic acid before hydrolysis also was 
described, but no satisfactory evidence of the presence of either 
arginine, histidine, or lysine was obtained. The amount of sub- 
stance taken for this experiment, however, was too small to permit 
of final conclusions. 

In the present paper we give the results of an examination of a 
much larger quantity' of the alfalfa juice. The filtrate from the 
precipitate produced by adding 53 per cent by weight of alcohol to 
3,415 cc. of the juice of the alfalfa plant was concentrated, boiled 
with 25 per cent sulfuric acid for 12 hours, and the basic products 
of hydrolysis were precipitated with phosphotungstic acid. By 
employing Kossel’s method for determining the basic amino-acids 
produced by the hydrolysis of proteins we found that the silver- 

* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, Washington, D. C. 

^ Osborne, T. B., Wakeman, A. J., and Leavenworth, C. S., J. BioL 
Chem.j 1922, liii, 411. 
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baryta precipitate yielded arginine, containing nitrogen equal to 
3.6 per cent of the nitrogen present in the filtrate from the precipi- 
tate from the 53 per cent alcohol precipitate. This was identified 
as the picrolonate. 

Another substance yielding a crystalline hydrochloride, which 
did not give the reaction with diazobenzenesulfonic acid character- 
istic of histidine, formed most of the precipitate produced by 
HgSOi. When converted into the picrate this melted sharply at 
298°. If histidine is present among the bases its proportion must 
be very small. The amount of the above substance was not 
enough to permit of its identification. It contained nitrogen 
equal to 2.2 per cent of the total nitrogen of the original solution. 
Since 90 per cent of the nitrogen of the second silver-baryta pre- 
cipitate was recovered in the p,rgmme picrolonate it is evident 
that liesides the unidentified liase obtained from the HgS 04 
precipitate and arginine thei*e is little, if anything else among 
the products of h 3 Tlrolysis thus precipitable by silver. 

The filtrate from the silvei -baryta precipitate, which should 
contain lysine, was found to contain stach^^drine also in much 
larger proportion than lysine. The nitrogen in the stach 3 "drine 
was equal to 5 4 per cent of the nitrogen m the filtrate from the 
53 per cent alcohol precipitate and that of th(' lysine to 1.10 per 
cent These bases were separated 1 ) 3 ^ means of HgCb, the fraction 
olitained at acid reaction consisting almost wholly of the mercury 
salt of stachydrme, while that precipitated at alkaline reaction 
contained the mercury compound of lysine. Both of these sub- 
stances were identified as picrates. 

The presence of stachydrine thus established confinns Steen- 
bock^s earlier discovery^ of this betaine among the constituents 
extracted by water from alfalfa hay. Whether all the stachydrine 
found by us exists in the free state in the alfalfa juice is not dem- 
onstrated by our experiments. Steenbock's work indicates that 
at least a part of this base is free, unless all that he isolated was 
liberated by enz 3 anes during the curing of the hay or its extraction 
by water. 

The fact that practically all the nitrogen precipitated by HgCb 
at slight acid reaction was identified as stachydrine shows that 
significant quantities of other bases thus precipitable were not 
present. 

^ Steenbock, H , J. Biol. Chem.j 1918, xxxv, 1. 
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EXPERIMENTAL. 

The filtrate from the precipitate produced by adding 53 per cent by 
weight of alcohol to 3,415 cc. of the fresh, clear, undiluted juice of the 
alfalfa plant was concentrated to 1,000 cc. and found to contain 8.26 gm. 
of nitrogen Of this 3 15 per cent was ammonia nitrogen and 33.3 per 
cent amino nitrogen as determined by Van Slyke’s method. The total 
solids were 155 gm. To the remaining solution were added 250 gm of 
H2SO4 and the mixture was boiled for 12 hours under a reflux condenser. 

The humin which separated was removed by centrifuging and washed 
with water This contained 0 77 gm. of nitrogen’ or 9 33 per cent of the 
nitrogen of the juice The solution then contained 7.39 gm of nitrogen 
of which 1 171 gm were ammonia nitrogen and 3 621 gm were ammo 
nitrogen, equal, respectively, to 14 18 and 43 83 per cent of the nitrogen 
of the juice Enough Ba(OH)2 was added to remove 1 25 gm of H2SO4 
and the filtrate and washings from the Ba604 were concentrated to 2,500 cc , 
thus making the solution contain 5 per cent of H2SO4 The solution then 
contained 7 37 gm of nitrogen, thus showing that there was little loss of 
nitrogen in the BaS04 precipitate A 20 per cent solution of phospho- 
tungstic acid m 5 per cent II2SO4 vas added as long as a precipitate formed, 
which after standing a few hours was filteied out and washed with 2 5 per 
cent phosphotungstio gcid in 5 per cent II2SO4 

This precipitate of the bases was decomposed with Ba(OH)2, the excess 
of Ba w'as converted into carbonate, and the solution was heated there- 
with until ammonia was removed After filtering, Ag2SOi and Ba(OH)2 
weie added until an excess of Ag was demonstrated in the filtrate The 
precipitate was then filtered out, washed with saturated Ba(OH)2 solu- 
tion, the silver salts weie suspended in dilute II28O4 and decomposed with 
HiS The filtrate and washings from the Ag^S were concentrated and 
Hg804, dissolved in 5 per cent H2SO4, w^as added as long as a precipitate 
formed After standing overnight the precipitate was washed thoroughly 
with water containing some of the HgS04 reagent and decomposed with 
IBS, and the HgS washed The filtrate and washings w’ere treated with 
Ba(OH)2 to remove IT2SO4, and the excess of Ba was removed as carbonate 
The solution was then concentrated to 500 cc and found to contain 0.19 gm 
of nitrogen, equal to 2 3 per cent of the original nitrogen 

This solution was evaporated, the residue dissolved in dilute HCl, 
decolorized with norit, concentrated on the steam bath to small volume, 
and allowed to crystallize by slow concentration over CaO. Finely devel- 
oped, flat prisms separated which, under the microscope, appeared to be 
perfectly pure. After evaporating to dryness the residue was dissolved 
in a little hot water and alcoholic picric acid added as long as a precipitate 
formed. This was filtered out, washed with alcohol, recrystallized from 
hot water, and 0 16 gm. of a picrate obtained which crystallized m long 


’ These and subsequent figures are corrected for the portions taken for 
analysis during the progress of this investigation. 
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silky needles, melting sharply at 298®. The mother liquor from these 
crystals, when evaporated to dryness, left a residqp which, when reorystal- 
lized from water, yielded 0 07 gm. of crystals of the same form and melting 
point as the main crop. By extracting products of hydrolysis obtained 
in a former experiment by boiling with 5 per cei^t HCl, extracting with 
butyl alcohol, and then shaking out the latter with water, a picrate, having 
the same crystalline form and melting point, was obtained 

Although derived from the fraction which, by Kossel’s method, should 
yield histidine, the properties of this picrate are such as to show that it is 
not histidine picrate This is also shown by the absence of the color 
reaction with diazobenzenesulfonic acid 

The united fractions of the above described picrate were decomposed 
by acidifying with HCl and extracting the picric acid with ether 

On treating the aqueous layer with silver sulfate the precipitated silver 
salts were found to be only partly soluble in ammonia The soluble part 
contained very little nitrogen other than ammonia and consisted chiefly 
of silver chloride On the other hand, the insoluble part when washed 
free from ammonia and digested with strong hydrochloric acid yielded a 
solution from which crystals separated in well formed, long plates These 
melted, not sharply, at about 252® and contained 31 8 per cent of nitrogen 
Although the above data indicate the presence of a purine base, the identity 
of this substance with any one of the known members of this group has not 
yet been established 

The filtrate from the HgS 04 precipitate was freed from Hg by H 2 S and 
from H2SO4 by Ba(OH )2 The solution was acidified with HNO3 and 
treated with AgNOs and baryta as usual in applying Kossel’s method 
The precipitate thus produced was decomposed with H>S and found to 
contain 0 30 gm of nitrogen, or 3 6 per cent of the total nitrogen in the 
original solution An attempt to convert this base into the picrate failed 
to yield a crystallizable product Picric acid was therefore removed and 
the picrolonate obtained This melted at 234°, weighed 1 8 gm , and, 
when mixed with pure arginine picrolonate obtained from protein, the 
melting point was unchanged A second crop, which melted at 227°, 
weighed 0 35 gm. 

The arginine picrolonate contained 0 82 gm of arginine, whereas the 
total nitrogen in the second silver-baryta precipitate was equivalent to 
0 91 gm It thus appears that practically all this fraction of the bases is 
arginine and that this amino-acid constitutes a very small proportion of 
the nitrogenous constituents of the alfalfa juice 

The filtrate from the silver-baryta precipitate when freed from Ba with 
H2SO4 was concentrated and 8 7 gm of K2SO4 were removed by crystal- 
lization from dilute alcohol The filtrate and washings were concentrated 
to 80 cc ,5 per cent of H2SO4 was added, and the bases were precipitated with 
phosphotungstic acid This precipitate was decomposed with Ba(OH)2, 
the excess of Ba removed by CO2, the solution concentrated to 200 cc , 
and nitrogen, determined in 5 cc , found to be equal to 0.768 gm. The 
remaining 195 cc. were treated with dilute HCl, containing one molecule 
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of HCl for each atom of N, concentrated in vacuo to 200 cc., and HgCla, 
dissolved in alcohol, wa« added. 

The precipitate which first formed redissolved until a considerable 
quantity of HgCla had been added. After standing overnight the pre- 
cipitate was filtered out and washed with alcohol of about the same con- 
centration as the filtrate The heavy crystalline precipitate was twice 
recrystallized from hot water and decomposed with HaS. The filtrate 
from the HgS was concentrated and five successive crops of crystals were 
obtained, each of which melted at 235-236°, thus indicating stachydrine 
chloride which melts at this temperature 

These fractions were united and found to contain 0.45 gm. of nitrogen 
as calculated from an aliquot part of the 250 cc of this solution. This is 
equal to 5.4 per cent of the nitrogen of the original solution, or to 58.5 per 
cent of the fraction of the bases which should contain the lysine according 
to Kossers method for determining bases m the products of protein hy- 
drolysis. The remaining 240 cc of the solution were freed from HCl with 
AgaCOa, the filtrate and washings from the AgCl concentrated to about 
200 cc , and one molecule of picric acid for each atom of nitrogen was 
added The solution was then concentrated to crystallization. This 
picrate melted at 196° when twice recrystallized, thus agreeing in melting 
point with stachydrine picrate 

The total stachydrine picrate recovered from this solution weighed 
10 55 gm , equal to 4 34 gm of stachydrine, allowing for the aliquots re- 
moved for nitrogen determinations When once recrystallized this melted 
at 196° and contained 14 90 per cent of nitrogen, calculated for stachydrine 
picrate 15 05 per cent The amount of stachydrine calculated from the 
nitrogen precipitated by Hg is 4 59 gm , hence there is no doubt that this 
IS the only base thus precipitated by HgCU. 

The filtrate from the mercuric chloride precipitate of stachydrine was 
concentrated to about 150 cc and made alkaline with Ba(OH )2 The 
precipitate was washed with dilute baryta water, dissolved in hot water, 
acidified with HCl, and decomposed with H 2 S The filtrate from the HgS 
was freed from Ba with H 2 SO 4 , concentrated to small volume on the water 
bath, and then over CaO to a syrup Since no crystals separated the syrup 
was dissolved in water, 5 per cent of H 2 SO 4 added, and then phospho- 
tungstic acid was added as long as a precipitate formed The precipitate 
was decomposed with Ba(OH) 2 , the excess of Ba removed by CO 2 , and the 
filtrate and washings "were concentrated to 100 cc Nitrogen was then 
determined in 5 cc. to be equal to 0 160 gm m the whole solution. 

The remainder was concentrated to small volume, alcohol added, and 
then 1 2 gm of picric acid were added m alcoholic solution. The picrate 
thus precipitated was filtered out and recrystallized from water. This 
weighed 1 17 gm , equal to 1 28 gm , allowing for the known solubility of 
lysine picrate m the mother liquor The crystals, which resembled pure 
lysine picrate when recrystallized, contained IS 56 per cent of nitrogen; 
calculated for lysine picrate 18 67 per cent This melted with decomposi- 
tion simultaneously with a preparation of lysine picrate obtained from 
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protein. The total lysine picrate thus estimated is equal to 0.499 gm. of 
iysine containing 0.095 gm. of nitrogen, or to 1.16 per cent of the original 
nitrogen. 

The mercury precipitate of the lysine contained 0.160 gm. of nitrogen, 
which if all were lysine would be equal to 0.833 gm. of lysine. The lysine 
recovered as picrate was 0.499 gm , leaving 0.334 gm. unidentified. A part 
of this difference is probably due to an incomplete recovery of all of the 
lysine as picrate, but the possibility is not excluded that a small amount of 
some other base may have been present in the mercury precipitate. 

The filtrate from the alkaline mercury precipitate was freed from Hg 
and SO 4 with Ba(OH), the Ba quantitatively removed with HjSOj, and 
the solution concentrated to a syrup, but no crystalline separation could 
be secured This was then dissolved in 5 per cent H 2 S 04 , precipitated with 
phosphotungstic acid, the precipitate decomposed with Ba(OH) 2 , and the 
excess of Ba removed as carbonate. The solution was made up to 100 cc 
and nitrogen determined in 5 cc. to be equal to 0 0738 gm in the whole 
solution To the remaining solution 1 12 gm of picric acid were added, 
but no satisfactory crystalline picrate was obtained 

Whether or not these bases exist free in the alfalfa juice remains 
to be determined. The fact that after complete hydrolysis with 
strong acids the proportion of nitrogen prccipitablc by phos- 
photungstic acid is reduced to about one-half and that of the free 
amino nitrogen increased by about 50 per cent, shows that much 
of the nitrogen of the juice occurs in more complex combinations 
than free amino-acids and betaines. 

We have found that about 75 per cent of the total nitrogen 
of the juice not precipitated by 53 per cent alcohol can be pre- 
cipitated by mercuric acetate and sodium carbonate. It is hoped 
that the examination of this precipitate, which is now in progress, 
may shed some light on the nature of the nitrogenous constituents 
of the alfalfa juice. 

The results of this investigation show that the method devised 
by Van Slyke for analyzing the products of protein hydrolysis can- 
not be used for analyzing the water-soluble constituents of forage 
plants and that such analyses as have been published have little 
if any value. 
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V. FATE OF SOME RING SUBSTITUTION PRODUCTS OF PHENYL- 
ACETIC ACID IN THE ORGANISMS OF THE DOG, 

RABBIT, AND MAN. 

Bv LEOPOLD R CEREC^EDO and CARL P SIIERWIX. 

{From the Chemual Research Laboratory of Fordham University, New York ) 

(Roeeivod for i)uhlic:ition, September 27, 192'? ) 

iSome time ago it was shown that when phenylacetic acid is 
ingested by a human being an entirely different mode of detoxi- 
cation is adopted than when the same substance is fed to lower 
animals (1). Later it was found that the glutamine which is em- 
ployed as the detoxicating agent by the human organism is 
actually synthesized by the body, and this in relatively large 
amounts, the nitrogen for the amide and amino groups being taken 
from that fraction of the total nitrogen which would otherwise 
appear in the urine as urea (2). In this way the urea nitrogen 
could bo reduced from 60 to 20 per cent of the total 24 hour out- 
put. Furthermore, it was noted that the glutamine could be 
synthesized not only on a protein diet, but just as easily and 
efficiently on a mixed carbohydrate-fat diet or even during a 
period of fasting. Thereupon, two very interesting questions 
proposed themselves: (1) Where does this glutamine synthesis 
take place? (2) Can this synthesis be used as an organic function 
test? 

An attempted solution of one or perhaps both of these questions 
fonned the ultimate object of the present work. A preliminary 
and more fundamental matter, however, had to be settled first; 
the discovery, namely, of a suitable quantitative method for the 
determination of the amount of phenylacetyl glutamine in the 
urine after the ingestion of phenylacetic acid, for the present 
means of extracting the compound from the evaporated urine 
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with ethyl acetate is not only tedious but is at best merely quali- 
tative. Of two methods which at first seemed applicable, both 
proved unsatisfactory. The first had as its basis a determination 
of the amide nitrogen of the glutamine, but the continual presence 
of urea in the urine made such a determination iiApracticable. 
In the second method which rested on the determination of the 
amino nitrogen after the hydrolysis of the compound into phenyl- 
acetic acid and glutamine, the hydrolysis gave rise to quantities 
of glycocoll from varjdng amounts of hippuric acid ever present 
in normal human urine, which, of course, interfered seriously 
with the detennination; while on the olher hand, the formation 
of corresponding amounts of benzoic acid made a quantitative 
estimation even of the phenylacetic acid quite an impossibility. 

In an attempt, therefore, to overcome these difficulties we 
planned to administer to human subjects a number of ring deriva- 
tives of phenylacetic acid, in the hope that we might thus obtain 
some corrcvspondmg derivative of phenylacetyl glutamine which 
could be isolated quantitatively from the urine. This was the 
primary and immediate end we had in view. As of secondary 
interest we decided to feed the same substances also to several 
of the lower animals, especially to dogs and rabbits, in order to 
study their comparative metabolism. 

The following compounds were employed: o-nitrophenylacetic 
acid, o-aminophenylacetic acid, e-hydroxyphenylacetic acid, 
o-cholrophenylacetic acid, and 2-4-dinitrophenylacctic acid. We 
had shown previously that p-nitropliciiylacetic acid (3) and p-hy- 
droxyphenylacetic acid (4) pass through the human organism 
unchanged, but that they are in part conjugated in the organisms 
of the lower animals. Thus a hen excretes p-nitrophenylacetic 
acid as p-nitrophenacetornithuric acid and a dog excretes it in 
part as p-nitrophenaceturic acid. In the course of the present 
series of investigations we were surprised to find that only one 
of the five substances used, namely the o-chloro compound, is 
conjugated by the human body, and still more peculiarly that the 
detoxicating agent is not glutamine as one would most likely 
expect but glycocoll, so that in this particular the human organism 
acts exactly like the dog and excretes the o-chlorophenylacetic 
acid as o-chlorophenaceturic acid. 
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EXPERIMENTAL. 

In general the method used in the work was the following. 
The substance to be fed was dissolved in water, or if insoluble, 
was neutralized with dilute sodium hydroxide and administered 
as a water solution of the sodium salt. In the case of the lower 
animals the fairly dilute solution was introduced directly into 
the stomach by means of a stomach tube. The bladder was then 
emptied by gehtle pressure and the subse^quent urine collected 
for a period of 36 or 48 hours. The subjects were carefully watched 
for clinical S 3 anptoms resulting from the ingested substance. The 
volume of each collection of urine was measured, the physical 
constants were noted, and tests were made for albumin and sugar. 
The urine was then neutralized, evaporated on a water bath to a 
thick syrup, cooled, acidified to Congo red with a mineral acid, 
and finally extracted for 6, 9, or 12 hours with ethyl acetate in a 
rotary extracting apparatus. The ethyl acetate was then evapo- 
rated to dryness by stages, and in case no cr\^stals appeared, the 
residue was dissolved in boiling water and boiled once or twice 
with animal charcoal. The various crops of cr^^stals were then 
collected and reciystalhzed until the constancy of the melting 
point showed that a sulistance of a fairly high grade of purity 
had been obtained. 


1 o~N i tro ph en ylacet ic Acid. 

o-Nitrophenylacetic acid (M. P 141°C ) was fed to a rabbit in 
1 gm. doses until a total of 3 gm. had been fed. The substance was 
apparently entirely hannless, for the animal showed no signs of 
discomfort. From the urine the material was recovered unchanged. 
As it is fairly insoluble in water, it separated readily in well formed 
crystals, which after a single recrystallization from water melted 
at 139->141°C. We were able to feed a dog of 32 kilos body weight 
two doses of 7 gm. each within a period of 25 hours. A man 
received two doses of 5 gm. each within a period of 36 hours and 
complained of no uneasiness whatever. We also fed a hen two 
doses of 1 gm. each, hoping to be able to isolate a new ornithine 
compound. As in the case of the rabbit, so in each of the other 
cases was the substance recovered unchanged. The amounts 
isolated from the various feedings will be found in Table I. 
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o-Aminophenylacetic Acid. 

This compound was prepared according to the method of Neber 
(5), by the reduction of o-nitrophenylacetic acid with ferrous 
sulfate in a barimn hydroxide solution. The barium salt of the 
o-aminophenylacetic acid thus formed was then treated with 
dilute sulfuric acid. The resulting product had a melting point 
of 118“119®C., but was mixed with leafy crystals melting somewhat 
higher. These were apparently the inner anhydride of the com- 
pound ; namely, oxyindole. To remove this impurity the barium 
salt of the acid was converted into the soluble sodium salt by 
boiling a solution of the former with the calculated amount of 
anhydrous sodium carbonate. The l)arium carbonate formed 
during the reaction was filtered off, and the resulting water 
solution of the sodium salt used for feeding. It was given to 
human beings in 2 gm. doses without causing any ill effects. Dogs 
received the substance in 4 gm. doses, and rabbits in doses of 1 gm. 
each. 

The urines, which were nonnal as to color, deepened m color 
on evaporation. The ethyl acetate extract of the acidified residue 
of the evaporated urines was purple in color, due no doubt to the 
action of the mineral acid upon the e-aminophcnylacetic acid, 
converting it into oxyindole through the loss of a molecule of 
water. Only oxyindole (M. P. 122-12()°C.), and this in small 
amoimts, was isolated from the urines of man and dogs, but an 
acetylated product was extracted from the urine of rabbits. This 
product was most likely excreted as the acetylated o-amino- 
phenylacetic acid, which was later dehydrated either through 
contact with the mineral acid or by merely standing in the air. 
At any rate, the compound, which was obtained only in small 
amounts, reacted exactly like the synthetic acctjdoxA'indolc which 
we prepared, in that the percentages of nitrogen of the two prod- 
ucts corresponded quite closely, and both preparations split 
off acetic acid when heated with sulfuric or hydrochloric acids, 
as could be detected by the odor. 

The acctyloxyindole was synthesized as follows: 2 gm. of 
o-aminophenylacctic acid (diy) were heated to boiling under a 
reflux condenser for 3 minutes with an excess (12 cc.) of acetic 
anhydride. o-Acetylaminophenylacetic acid is first formed, but 
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is immediately dehydrated by the hot acetic anhydride. Thus 
the acetyloxyindole is formed in one operation. The compound 
is then poured into water, from which it crystallizes out as long, 
white, hair-like needles (M. P. 124-126°C.). 

Nitrogen determinations according to the Kjeldahl method 
on both samples resulted as follows; 


Acetyloxyindole, synthetic . 7 94 per cent N. 

extracted from urine of rabbits 8 19 “ “ 

Calculated percentage in acetyloxyindole . 8 00 « « 


The oxy indole recovered from the urines of the human being 
and the dog was without doubt a secondary product formed out- 
side the body by a simple process of dehydration. The acety- 
lation of the oxyindole by the rabbit is an addition to the number 
of acetylation reactions and is especially interesting since this 
type of reaction is none too frequent. 

3 o-Hydroxyphenylacetic Acid. 

As this compound cannot be made in the usual way, i.e. by 
treating o-aminophenylacetic acid with nitrous acid, an indirect 
method had to be used ; namely, the reduction of o-hydroxyman- 
delic acid with hydriodic acid. 

To effect the synthesis, therefore, o-hydroxybenzaldehyde 
(Eastman) was treated with potassium cyanide and hydro- 
chloric acid according to the method of Ploschl (6). In this way 
a very poor yield of o-hydroxyanandelic acid was obtained. This 
substance was then reduced with hydriodic acid according to the 
method of Bacyer and Fritsch (7) and thereby converted into 
o-hydroxyphenylacetic acid with a melting point of 135-137.5°C. 

Like the other ortho derivatives of phenylacetic acid the 
o-hydroxy compound proved to be quite harmless physiologically 
so that it could be ingested in relatively large doses. Like the 
other compounds, too, it was excreted in the urine unchanged. 
A rabbit was fed the substance first in 0.5 gm., then in 1 gm. doses; 
a man received two doses of 2 gm. each, and a dog received as much 
as 4 gm. at one dose without showing the slightest signs of intoxi- 
cation. As the compound gives a positive Millon^s reaction the 
course of its elimination from the body could be followed with 
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considerable precision. It was interesting to note, therefore, that 
after a dose of 2 gm. most of the substance was eliminated from the 
body within 5 or 6 hours. 

o-Chlorophenylacetic Acid. 

o-Chlorophcnylacetic acid was made according to the method 
of Mehner (8) as follows: 75 gm. of potassium cyanide were 
dissolved in the least possible amount of hot water. This syrupy 
mass was then placed in a flask fitted with a reflux condenser 
and to it were added 150 gm. of o-chlorobenzyl chloride, with 
sufficient alcohol to insure an intimate mixing of the two layers. 
The mixture was then boiled for a period of at least 5 hours. 
(A longer period is often necessary.) On cooling, a mass of 
potassium chloride was deposited on the bottom of the flask. 
This was washed well with alcohol after the liquid contents of the 
flask had been poured off, and the washings were added to the rest 
of the liquid. The alcohol was then distilled off from the liquid 
mixture, leaving an oily residue. This oil was then extracted 
repeatedly with ether, dried with calcium chloride, and redistilled. 
The o-chlorophenyl cyanide thus obtained can be distilled between 
235 and 250°C. o-Chlorophenyl acetamide wa^ then made by 
dissolving the o-chlorophenyl cyanide in concentrated sulfuric 
acid and diluting this solution with 3 volumes of water. After 
standing § hour the solution was poured into 30 volumes of cold 
water, whereupon the o-chlorophenyl acetamide crystallized out 
in the form of white, leafy cr^^stals (M. P. 172-175°C ). o-Chloro- 
phenylacetic acid was prepared by dissolving the o-chlorophenyl 
acetamide in boiling water and adding to this solution enough 
sulfuric acid to make the whole strongly acid to Congo red. This 
solution was kept boiling while a dilute solution of sodium nitrite 
was added drop by drop until the reaction was completed. On 
cooling, the o-chlorophenylacetic acid cr^^stallized out in the form 
of long, white needles. After retjrystallization from hot water 
the substance was found to melt at 95®C. 

The o-chlorophenylacetic acid was fed to a middle sized dog in 
doses of 3 gm. Two such doses were given. The substance 
seemed to cause no discomfort to the animal. Upon working up 
the urine in the usual way, 0.3 gm. of the acid was recovered un- 
changed, while 1.3 gm. were found in combination with glycocoll; 
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e.6., as <?-chlorophenaceturic acid. This was an extremely poor 
yield. After a human being had ingested the same amount of the 
o-chlorophenylacetic acid, 0.6 gm. of the acid was recovered im- 
changed, while 1.20 to 1.25 gm. of o-chlorophenaceturic acid were 
extracted from the urine. After feeding the o-chlorophenylacetic 
acid to rabbits or after injecting it intravenously, only small 
amounts of the unchanged acid could be isolated from the urine, 
and no conjugation product could be found. 

The o~chlorophenaceturic acid obtained from the urine of dogs 
and human beings is a colorless compound, quite soluble in hot 
water, from which it crystallizes in the form of irregular needles. 
After several recr 3 ^stallizations from hot water the melting point 
was found to be 130.5-133°C. Upon analysis the substance 
yielded the following results. 

0 2011 gm substance yielded 0 3880 gm CO 2 and 0 0801 gm. H 2 O 
Calculated C 52 63, H 4 38, N (Kjeldahl) 6 11 per cent. 
Found. ‘‘52 54, “ 4 41, “ ( “ ) 6 24 “ « 

Synthesis of o~Chlorophenaceturtc Acid, 

For the synthesis of this compound it was necessary first to 
prepare the o-chlorophenylacetyl chloride. Accordingly, 3 gm. of 
carefully dried o-chlorophenjdacetic acid (M. P. 95®C.) were 
mixed in a distillation flask with 3.6 gm. of phosphorus pentachlor- 
ide. The reaction took place at room temperature, resulting in a 
liquid mixture. When the reaction was finished the phosphorus 
oxychloride was distilled off, and then at a reduced pressure of 
12 mm. and at a temperature of 119~-121°C. a colorless, oily liquid 
distilled over. This was found to be quite pure o-chlorophenyl- 
acetyl chloride. 

To synthesize the o-chlorophenaceturic acid, 0.7 gm. of glycocoll 
was dissolved in 3.5 cc. of water, and the solution was made 
alkaline with sodium hydroxide. Then one and a half times the 
theoretical amount of o-chlorophenylacetyl chloride (2.7 gm.) 
was added, a few drops at a time. After each addition of the acid 
chloride the mixture was thoroughly shaken and tested with 
litmus. As soon as the mixture became acid in reaction a small 
amount of alkali was added to insure a slightly alkaline medium. 
After all the acid chloride had been added the mixture was made 
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strongly acid with sulfuric acid. A white precipitate at once 
appeared, consisting of o-chlorophenylacetic acid and o-chloro- 
phenaceturic acid. This was filtered by suction and washed 
several times with ether to remove the o-chlorophenylacetic acid. 
The o-chlorophenaceturic acid was then recrystallized several 
times from hot water and thoroughly dried. It then melted quite 
sharply between 134 and 135^0. The ^deld was about 35 per cent 
of the theoretical. 

In a second attempt at the synthesis, 4 gm. of o-chlorophenyl- 
acetic acid were treated with 4.9 gm. of phosphorus pentachloride. 
From this we obtained 2.7 gm. of o-chlorophenylacetyl chloride, 
which distilled over at a temperature of 118-120°C. under a pres- 
sure of 10 mm. of mercury. This 2.7 gm. of the acid chloride 
were then treated with 1.1 gm of glycocoll according to the method 
described above. A yield of 1 gm. of o-chlorophenaceturic acid, 
melting at 135°C., was obtained. After diying to constant weight 
the substance showed the following analysis. 

0 1703 gm substance yielded 0 3291 gm CO 2 and 0 0689 gm H 2 O 

0 1290 G 90 cc nitrogen at 755 mm. pressure and 

irc 

Calculated for CioHioOsNCl C 52 63, H 4 38, N 6 07 per cent 

Found. 52 70, 4 49, 6.11 “ 

The synthetic substance was identical with the o-chloro- 
phenaccturic acid obtained from the urine of man and dogs after 
the feeding of o-chlorophenylacetic acid. 

o-Chlorophenaceturic acid is practically insoluble in benzene, 
petroleum ether, and absolute ether. It is moderately soluble in 
chlorofonn and ethyl acetate, but dissolves readily in acetone and 
alcohol. 


5. 2-’4--Dinitrophenylacetic Acid, 

This compound was prepared according to the method of 
Borsche (9) by treating phenylacetic acid with a mixture of 2 parts 
of sulfuric acid and 1 part of nitric acid. The melting point of the 
product varied between 178 and 181°C. Upon feeding the sub- 
stance, we found it to be as harmless as either the o-nitrophenyl- 
acetic acid or the p-nitrophenylacetic acid. A man ingested 2, 3, 
and 5 gm. of the acid in three respective doses. After the ingestion 
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of the 10 gm., 3.7 gm. of the unaltered compound were isolated 
from the urine. After two doses of 4 and 5 gm., respectively, 
to a middle sized dog, 4.42 gm. were recovered unchanged from the 
urine. Two rabbits received together a total of 5 gm. in 1 gm. 
doses. Here again, 2.35 gm. of the substance were recovered 
as the unchanged acid. 

Table I summarizes the data of the comparative metabolism 
on the different compounds when man and the lower animals were 
used as experimental subjects. 


TABLE I 
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12 


3 

0 1 

1 

0 

0 

3 2 

2 4 

0 

0 6 

0 7 

1 

0 9 

acid 

10 

9 

5 

0 

0 

0 

10 

lO : 

0 

3 7 

4 42j2 35 


SUMMARY. 

1. In the present work, which was undertaken primarily in an 
attempt to discover a derivative of phenylacetyl glutamine which 
could be isolated quantitatively from hmnan urine, the following 
derivatives of phenylacetic acid were prepared and fed to human 
beings, dogs, and rabbits: o-nitrophenylacetic acid, o-amino- 
phenylacetic acid, o-hydroxj^phenylacetic acid, o-chlorophenyl- 
acetic acid, and 2'4-dinitro phenylacetic acid. 

2. In connection with o-chlorophenylacetic acid, we also pre- 
pared e-chlorophenaceturic acid and its antecedent o-chloro- 
phenylacetyl chloride, neither of which had been synthesized 
previously. Accordingly, these two substances w^ere studied in 
somewhat greater detail. 
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3. All the above mentioned five compounds were found to be 
quite non-toxic physiologically. In fact, only two of them, 
namely o-aminophenylacetic acid and o-chlorophenylacetic acid, 
were subjected to detoxication at all — the oth^s passing through 
the organisms unchanged. 

4. This furnishes proof that ortho compounds, contrary to the 
opinion of some, are not easily oxidized in the organism, and, 
furthermore, that they are not necessarily more toxic than their 
isomeric meta and para derivatives. In fact, these ortho com- 
pounds were found to be less toxic than phenyla-cetic acid itself. 

5. Of the two compounds which were subjected to detoxication, 
o-aminophenylacetic acid was conjugated only by the rabbit, 
and this by the very unusual reaction of acetylation, adding 
thereby a new example to the few cases of this reaction already 
known. On the other hand, the o-chlorophenylacetic acid was 
excreted unchanged by the rabbit, but was conjugated with 
gly cocoll by the dog and human being. This latter fact was indeed 
surprising, in that one would have expected the human organism 
to use glutamine instead of glycocoll as the detoxicating agent. 
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OXIDATION OF GLUCOSE BY IODINE IN THE PRESENCE 

OF INSULIN. 

By GORDON A. ALLES and HOWARD M WINEGARDEN. 

(From the Gates Chemical Laboratory of the California Institute of 
Technology, Pasadena ) 

(Received for publication, September 13, 1923.) 

1 . Purpose of this Investigation. 

This investigation was undertaken with the purpose of deter- 
mining whether insulin, alone or in the presence of certain animal 
fluids, has any influence upon glucose in vitro. The establishment 
of such an influence naight have much significance in relation both 
to the study of carbohydrate mctabohsm and to the development 
of methods of assaying insulin. 

For this purpose it seemed desirable to use a property for 
determining the glucose content wliich is highly specific for this 
substance and would not be likely to be shown in at all the same 
degree by products that might result from a change occurring 
under the influence of the insulin. The rate of oxidation of glucose 
(C6H12O6) to gluconic acid (CeHjoO?) by iodine in nearly neutral 
solution seemed to bo an especiall)'^ suitable property; preliminary 
experiments on the oxidation of glucose, mannose, fructose, and 
sucrose by iodine having confiiined the results of previous inves- 
tigators that the rates are widely different for these different 
compounds. A scries of experiments was therefore made on the 
comparative rates of this oxidation, using in one case a pure 
glucose solution, and in other cases glucose solutions which had 
been previously treated with aqueous insulin extract, alone or 
mixed with liver extract, blood serum, or oxalated blood. 

This investigation fonns part of a series of researches on the 
chemical nature and behavior of insulin undertaken in this labora- 
tory under the general direction of Prof. A. A. Noyes, to whom 
we desire to express our thanks for advice as to the work and for his 
aid in the preparation of it for publication. This investigation was 
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assisted on the financial side from the funds which have been made 
available by Dr. Bertnard Smith for the general prosecution of 
insulin researches in this laboratory. We are also indebted to Dr. 
Smith, and to his associate Dr. Howard West, for cordial coopera- 
tion and assistance on the biological sides of this investigation; 
also to Mr. Albert L. Raymond of this laboratory for many 
valuable suggestions. 


Previous Researches. 

Various investigators have already studied the reaction between 
sugars and iodine, with reference to the development of methods 
of analysis. Thus, Romijn^ early showed that glucose is quanti- 
tatively oxidized by iodine in alkaline solution to gluconic acid. 
He found that aldoses, in general, are oxidized under these con- 
ditions, while ketoses remain imchanged; and he devised a method 
of sugar analysis based on this principle. As the results obtained 
with potassium or sodium hydroxide were rather irregular, he 
substituted sodium borate for the alkali. The reaction, although 
slow, proved to be quantitative in this weakly alkaline solution. 
Bougault^ substituted sodium carbonate for the borate; and this 
gave a much more rapid oxidation and led to a satisfactory method 
of analysis. Willstatter and SchudeP found that the reaction 
proceeded smoothly to completion when 0.1 n solutions of iodine 
and sodium hydroxide in the proportion of 2:3 were used. Colin 
and Li4vin^ modified Bougault^s procedure b^^ using disodium 
hydrogen phosphate in the place of the carbonate. Cajori'^ has 
recently published an article in which he gives a method of sepa- 
rately determining glucose, fructose, sucrose, and maltose, in 
mixtures; this method being based on the different behaviors of 
these sugars towards iodine and towards cupric hydroxide. 

The effect of insulin on glucose has been studied by Winter 
and Smith.® These investigators made a series of experiments 

1 Romijn, G., Z. anal. Chem., 1897, xxxvi, 349. 

* Bougault, J., J. pharm. et chim , 1917, xvi, series 7, 97; Compt. rend. 
Acad.y 1917, clxiv, 1008 

* Willstatter, R , and Schudel, G , Ber. chem Ges , 1918, li, 780. 

* Cohn, H., and Litvin, O , Bull. Sac. chim.y 1918, xxiii, series 4, 403. 

‘Cajon, F. A., J. Biol. Chem.j 1922, liv, 617. 

® Winter, L. B., and Smith, W., Brit. Med. 1923, i, 12; cf. J. Phyaiol.y 
1922-23, Ivii, 100. 
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upon the change in optical rotation produced in glucose and fructose 
solutions by the addition of small amounts of insulin and liver 
extracts. They thought they detected, in the case of both sugars, 
an appreciable change, which reached a maximum in 2 to 4 days 
and was greatly increased by the addition of phosphate solution. 
They suggested that the function of insulin might be the activation 
of the enzyme (presumably present in the liver) which is respon- 
sible for the transformation of ordinary a jS-glucose into the y 
form. The y sugars are known to be very reactive chemically: 
in summarizing their properties, Hewitt^ notes their great activity 
toward oxidizing agents and their marked instability in the presence 
of acid and alkali. 

3. Experimental Procedure and Materials. 

The oxidations were carried out in a nearly neutral solution 
with an excess of iodine, so as to insure a nearly complete conver- 
sion of glucose into gluconic acid in a convenient period of time. 
To give the proper acidity, solutions 0.3 molal in NaHCOs or 
0.15 molal in Na 2 HP 04 were used. In these solutions the reaction 
is practically complete at room temperature in 2^ hours. About 
five times the theoretical amount of iodine was employed. The 
oxidations were carried on simultaneously in 100 cc. rubber 
stoppered conical flasks. Since the runs compared were always 
parallel, it was not thought necessaiy to maintain a fixed tem- 
perature. The temperature, however, did not vary over 2°C. 
throughout the entire work; and not more than a few tenths of a 
degree during a given set of oxidations. 

The samples of sugars used were obtained as follows: sucrose from 
the U. S. Bureau of Standards; fructose, from Merck; and glucose 
and mannose, from Kahlbaum. Fresh solutions of the glucose 
were made up from time to time. 

4- Rates of Oxidation of Glucose, Mannose, Fructose, and 
Sucrose. 

The chemical equation expressing the oxidation of glucose or 
mannose by iodine is as follows: 

C^HiaOe + I* 4- H 2 O « CeHisOr + 2HI 


^ Hewitt, J. A., Brit. Med. 1923, i, 590. 
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The reaction rate at any moment should therefore be propor- 
tional to the prevailing concentrations both of the sugar and of the 
iodine, provided the temperature remains constant, and the 
hydrogen ion concentration, which has a large effiect on the rate, 
also remains unchanged. That is, representing by A and B the 
initial concentrations of the sugar and iodine, respectively, by x 

• • dx 

the fraction of the sugar transformed at any time i, by — the 

dt 

rate at which this fraction increases with the time, and by k the 
specific reaction rate at the given temperature and hydrogen ion 
concentration, the rate should be expressed by the equation: 

A~ — k {A — Ax) (B — Ax ) , or “ = A: (1 — x) — x^ 


This equation yields on integration the following expression 
the specific reaction rate. 


k = 


0 4343 
tiB - A) 


log 


" (!)<■-> 


for 


Reaction mixtures were made up in the case of each of these 
sugars by mixing the following solutions: 10.0 cc. of 0.1 per cent 
sugar solution; 10.0 cc. of 0.025 molal I2 in 0.00 molal KI; 15.0 cc. 
of 1 molal NaHCOa or of 0.5 molal Na2nP04; and 15.0 cc. of 
water. The mixtures were, therefore, initially 0.00111 molal in 
monosaccharide, 0.00500 molal in I2, and either 0.3 molal in 
NaHCOa or 0.15 molal in Na2HP04. Seven such mixtures of each 
sugar were placed in 100 cc. rubber stoppered conical flasks, and 
kept at the room temperature of 22-23°. From time to time one 
of the mixtures was removed, and 5 cc. of G n H2SO4 were added, 
whereby the reaction was stopped; the decrease in the free iodine 
content was then determined by titrating it with a standard 
Na2S203 solution, which was 0.0200 molal in the NaHCOs ex- 
periments and 0.0189 molal in the Na2HP04 experiments. 

The results with glucose and mannose are given in Table I. 
In the columns headed 100 x are given the percentage of glucose 
oxidized as calculated from the decrease in iodine content; and in 
those headed fc, the values of the specific reaction rate calculated 
by the above equation. The values given for the oxidation in the 



G. A. Alles and H. M. Winegarden 


229 


NaHCOs solutions are the average of the three similar runs; those 
in the Na 2 HP 04 solutions represent one set of determinations. 

It will be seen from Table I that, as would be expected for 
a bimolecular reaction taking place under constant catalytic con- 
ditions and temperature, the values of the specific reaction rate k 
are fairly constant for both glucose and mannose in the presence 
of the hydrocarbonate. In the presence of the hydrophosphate, 
however, the values of k show a progressive decrease. 

Similar runs with fructose and sucrose showed an iodine con- 
sumption at the end of 160 minutes equivalent to only 6 per cent 
oxidation of the sugar. , 

TABLE I 

Rate of Oxidation of Glucose and Mannose by Iodine at 22-23°. 


Time 

Glucose with 

1 NaHCOi 

1 

Glucose with 
Na2HP04 

1 

Mannose with 
NaHCOi 

Mannose with 
NaaHPOi 


100 X 

k 

100 X 

k 

100 I 

k 

100 X 

k 

VI n 

5 

29 5 

14 6 

44 8 

19 2 

12 3 

i 

5 28 

19 4 

8 8 

10 

50 0 

14 7 

56 1 

17 7 

22 5 

5 24 

27 9 

6 7 

15 

65 0 

15 7 

63 9 

14 5 

31 5 

5 23 

31 2 

5 1 

20 

74 2 

15 0 

70 6 

13 7 

38 5 

5 13 

38 9 1 

5 1 

40 

92 1 

13 1 

84 6 

10 7 

59 0 

4 85 

52 1 

3 9 

80 

160 

98 7 
100 5 

1 

93 5 
100 4 

1 

77 8 

92 5 

4 23 

68 0 

81 7 

3 1 


These results confonn with those of earlier investigators in that 
the aldoses are oxidized, while the ketose and biose remain practi- 
cally unchanged. The small effect which is noted in the fructose 
and sucrose oxidations may well be due to experimental error. 
It is evident that even mannose and glucose differ greatly from 
each other in their rates of oxidation in both the hydrocarbonate 
and hydrophosphate solutions. The difference betwee'n the rates 
of glucose, mannose, and fructose should therefore be marked 
enough to indicate any transfonnation of glucose into isomeric 
hexoses which might occur in the presence of insulin. 

5. Oxidation of Glucose in the Presence of Insulin. 

The insulin used throughout the work was profmred by the proc- 
ess described by Collip'* and was further purified by precipitation 

® Colhp, J B , Tr. Roy. Soc Canada, 1922, xvi, series 3, section v. 
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from aqueous solution by changing the hydrogen ion concentration. 
The precipitate was washed with ether and dried over calcium 
chloride. A 0.1 per cent solution of the dried substance was made 
up by dissolving it in approximately 0.001 n hydrochloric acid. 
Previous tests showed that the insulin was stable in this solution. 
The activity of this insulin was tested on rabbits several times; 
0.3 cc. per kilo weight of rabbit lowered the blood sugar of a 
normal rabbit from 110 to 45 mg. per 100 cc. in 1 hour, and the 
convulsive dose was between 0.3 and 0.4 cc. The insulin was 
also found to retain most of its activity on standing for 1 hour in 
solutions with an alkalinity similar to that of the oxidation mix- 
tures In all the calculations, the iodine taken up by the insulin 


Oxidation of Glucose by Iodine in Presence of Insulin, 


Time 

Solution 0 30 molal in NaHCO* 

Solution 0 15 molal in Na 2 nP 04 

Without 

insulin 

With 

insulin 

Difference i 

1 

Without 

insuhn 

With 

insuhn 

Difference 

min 

5 

25 3 

23 4 

+ 1 9 

34 0 

34 9 

-0 9 

10 

43 7 

40 7 

+3 0 

49 3 

47 8 

+ 1 5 

15 

52 6 

53 8 

-1 2 

57 9 

57 2 

-f 0 7 

20 

61 5 

GO 7 

-0 8 

64 9 

64 2 

+0 7 

40 

80 0 

1 80 2 

-f 0 4 

79 5 

79 7 

-0 2 

SO . 

95 7 

! 96 3 

-0 6 

92 2 

91 6 

+0 6 

ICO 

101 9 

101 2 

1 +0 7 

96 2 

96 8 

-0 6 


introduced into the reaction mixture was subtracted from the 
total iodine consumed. 

The method of procedure was exactly the same as that described 
above. The reaction mixtures were made up just as in the experi- 
ments on ttie oxidation of the sugars alone; except that there were 
always run side by side duplicate mixtures differing only in the 
respect that one contained in the 50 cc. volume 1 cc. of 0.1 per 
cent insulin solution, and the other contained no insulin. The 
temperature was 22-23°. 

Table II contains the results of these experiments. The num- 
bers in the firsts column show the time elapsed after the mixing 
of the solutions; those in the other columns denote the percentage 
of glucose transformed. 
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It is evident from these results that insulin alone has no appre- 
ciable effect upon the oxidation of glucose by transforming it 
into either a more or less chemically reactive form. This is true 
even though a considerable excess of insulin was present over that 
required for the oxidation of the 10 mg. of glucose; thus the quan- 
tity was suflSicient to lower the blood sugar of a 3 kilo rabbit 50 mg. 
per 100 cc. of blood in 1 hour. 

6, Oxidation of Glucose in the Presence of Liver Extract and Insulin. 

Both alcoholic and aqueous liver extracts were used in these 
experiments. The method of procedure was the same as that 
followed in previous experiments with the exception that the 
reaction mixtures were allowed to sttod for 1 hour with the liver 
extract and insulin, before the addition of the iodine. A tem- 
perature of 22-24° was maintained by immersing the solutions in a 
water bath. As before, one-half of the solutions contained 1 cc. 
of 0.1 per cent insulin solution (in place of 1 cc. of water), in addi- 
tion to the other ingredients, which were as follows: 10.0 cc. of 0.1 
per cent glucose solution, 15.0 cc. of a solution 1.0 molal in NaHCOa 
or 0.5 molal in Na 2 HP 04 , 2.0 cc. of alcoholic or aqueous liver 
extract, 12.0 cc. of distilled water, and 10.0 cc. of a solution 0.05 N 
in I 2 and 0.06 n in KI, 

The alcoholic liver extract was prepared in the following manner. 
Fresh beef liver was ground and intimately mixed with an equal 
volume of 95 per cent alcohol. The juice was pressed out of the 
mass, diluted to 4 volumes, and filtered. The filtered solution was 
used in the oxidations. 

The aqueous liver extract was prepared as follows: Equal 
volumes of fresh beef liver and 0.9 per cent sodium chloride solu- 
tion were ground together thoroughly with sand in a mortar. 
The juice was then pressed out, diluted to 4 volumes, and filtered. 

Table III contains the results of the experiments in which the 
alcoholic extract was used; and Table IV those in which the 
aqueous extract was used. The figures in the first column show 
the length of time of the oxidations; those in the other colunma 
show the cubic centimeters of 0.025 molal I 2 consumed in the 
various reaction mixtures. The second pair of experiments in 
each table was made with half the quantity of the liver extract. 

These experiments show that glucose is unaffected by insulin 
in the presence of alcoholic or aqueous liver extract. 
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TABLE III. 

Oxidation of Glucose by Iodine in Presence of Alcoholic Liver Extract and 

Insulin. 


Time 1 

Solution 0 30 molal in NaHCOi 

Solution 0 15 molal in NasHPOi. 

Without , 
insulin 

With 

inauhn 

Difference 

Without 

insuhn 

With 

insulin. 

Difference. 

mm, 

5 

1 63 

1 69 

-0 06 

1 50 

1 50 

0 00 

10 

2 37 

2 38 

-0 01 

2 09 

2 08 1 

-f 0 01 

15 

2 86 

2 83 

-i-0 03 

2 36 

2 38 

-0 02 

20 

3 48 

3 44 

+0 04 

2 75 

2 71 

-f 0 04 

40 

4 23 

4 14 

+0 09 

3 36 

3 37 

-0.01 

80 

5 34 

5 29 

-f 0 05 

4 14 

4 12 

-f 0 02 

160 

6 23 

6 17 

-fO 06 

4 93 

1 4 84 

-hO 09 

5 

1 75 

1 81 

~0 06 

1 46 

1 45 

1 

4-0 01 

10 

2 46 

2 45 

+0 01 

1 91 

1 90 

4-0 01 

15 

3 01 

2 97 

+0 04 

2 23 

2 20 

4-0 03 

20 

3 26 

3 23 

-1-0 03 

2 43 

2 42 

4-0 01 

40 

4 34 

4 33 

•fO 01 

2 97 

2 94 

4-0 03 

80 

5 21 

5 21 

0 00 

3 71 

3 69 

4-0 02 

IGO 

5 41 

5 41 

0 00 

4 46* 

4 39 

4-0 07 


TABLE IV 

Oxidation of Glucose by Iodine in Presence of Aqueous Liver Extract and 

Insulin 



Solution 0 30 molal in NaHCOa 

1 Solution 0 15 molal in Na2HP04 

Time 











Without 
insulin 1 

With 

insulin 

Difference 

W'lthout 

insulin 

With 

insulin 

Difference 

mm 











5 

3 

96 

3 

93 

4-0 

03 

3 

51 i 

3 49 

4-0 02 

10 

4 

98 

4 

98 

0 

00 i 

4 

10 

4 09 

4-0 01 

15 

5 

35 





4 

40 

4 38 

4-0 02 

20 

5 

67 

5 

66 

4-0 

01 

4 

74 

4 72 

-f 0 02 

40 

6 

44 

6 

43 

40 

01 

5 

46 

5 27 

+0 19 

80 

7 

07 

7 

09 

-0 

02 

6 

25 

6 24 

4-0 01 

160 

7 

39 

7 

45 

-0 

06 

7 

02 

7 01 

4-0 01 


2 

26 

2 

25 

+0 

01 

1 

52 

1 49 

4-0 03 

10 

2 

71 

1 2 

72 

-0 

01 

1 

93 

1 1 90 

4-0 03 

15 

3 

10 

' 3 

10 

0 

00 

2 

26 

' 2 23 

4-0 03 

20 

3 

47 

3 

48 

-0 

01 

2 

55 

2 53 

4-0 02 

40 

4 

00 

4 

02 

-0 

02 

2 

89 

2 88 

-f 0 01 

80 

4 

61 

4 

64 

-0 

03 

' 3 

24 

3 24 

0 00 

160 

4 

88 

4 

92 

--0 

04 

3 

59 

3 00 

-0 01 
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7. Oxidation of Glucose in the Presence of Insulin and Blood. 

In order to make the work more complete, the effect of insulin 
on the oxidation of glucose in the presence of the blood serum 
and oxalated blood was studied. As in the other experiments, the 
results consistently indicated no change in the glucose on the 
addition of insulin. 

The method of procedure was exactly the same as that followed 
in the work with liver extract. The reaction mixtures were 
changed only by substituting blood or blood serum for the liver 
extract. 

Table V contains the results of the set of experiments in which 
0.2 cc. of oxalated blood was added to each of the reaction mix- 
tures. The temperature was 23.2-2344"^ 

TABLE v 

Oxidation of Glucose in Presence of Oxalated Blood and Insulin 


Time 

Solution 0 30 molal in NallCOa 

Solution 0 15 molal in NasHPOi 

Without 

insulin 

With 

itiftulin 

I>ifTerence 

Without 

insulin 

With 

insulin 

DifTerence 

5 

2 92 

2 91 

4-0 01 

2 51 

2 48 

■f 0 03 

10 

3 48 

3 48 

0 00 

2 94 

2 92 

4-0 02 

15 

3 83 

3 89 

-0 06 

3 24 

3 22 

4-0 02 

20 

4 07 

4 12 

1 -0 05 

3 44 

3 42 

4-0 02 

40 

4 75 

4 77 

1 -0 02 

4 01 

4 00 

4-0 01 

80 

5 20 

5 23 

-0 03 

4 00 

4 57 

4-0 03 

100 

5 04 

5 04 

0 00 

5 03 

5 05 

-0 02 


SUMMARY. 


It was first shown by this investigation that, in confirmation 
of the results of others, the rate of oxidation of various sugars by 
iodine in solutions of NaHCOa or Na 2 HP 04 varies greatly with the 
nature of the sugar; thus mannose was oxidized only about one- 
third as fast as glucose, and fructose and sucrose were scarcely 
oxidized at all, under the conditions of the experiments This 
indicated that a study of the relative rates of oxidation of glucose 
before and after treatment of it with insulin would furnish a 
sensitive means of determining whether any of the glucose had 
been transformed by it into any other substance, even into a stereo- 
meric hexose. 
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Strictly comparable experiments were therefore made with glu- 
cose alone, with mixtures of it with insulin, with insulin and liver 
extract, or with insulin and blood serum or oxalated blood. In no 
case was any difference detected in the rate at which the iodine 
IS consumed. This shows that no appreciable reaction takes place 
between glucose and insulin even in the presence of the animal 
fluids mentioned. It indicates, therefore, that the metabolic 
process must be more complicated in character; also that there is 
little promise of developing a method of assay for insulin on the 
basis of its action on glucose in glass. 



ACID-BASE METABOLISM. 


I. DETERMINATION OF BASE BALANCE.* 

ByA T SHOHLandA SATO. 

{Fiom the Department of Pediatrics^ the Johns Hopkins Umversityj 

Baltimore ) 

(Received for publication, August 23, 1923 ) 

Total acid-base metabolism in two infants has been calculated 
by chemical analysis of all acid and basic radicals in the food, 
urine, and feces. Changes in the acid-base content of the body 
and the mechanism whereby the organism maintains the normal 
reaction of the blood and tissues can thus be determined The 
essentials for such measurements are: (1) to include all sources of 
acid or base — food, urine, and feces, (2) to quantitate all types of 
material which produce acids and bases — actual or potential; 
and (3) to state the results in comparable terms 

L Sources of A ad and Base , — That the data may have value, 
ever>^ significant source of acids or bases must be included. A 
sample of the actual food must be analyzed, samples vary so much 
that accepted standard analyses cannot be used. Anatysis of 
the mineral content of the feces is necessary" to determine the 
total acid-base metabolism. The urine has received most atten- 
tion as a factor in excretion of acids and salts Other sources of 
output might be vomitus or saliva. In our experiments, none 
occurred. The value of sweat and lacrimation was thought to 
be so small as to fall within the experimental error. 

Quantitative Analysis , — The analyses cover the four basic 
elements: sodium, potassium, calcium, and magnesium; and the 
acid radicals: sulfates, phosphates, and chlorides. Sulfur and 
phosphorus must also be included to the extent to which they are 
oxidized in the body to form sulfate and phosphate — actual from 

• Read before the American Association of Biochemists, December, 1921, 
at the New Haven meeting. 
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potential acids. All these analyses can be made with a high degree 
of accuracy. Iron and other elements were not analyzed because 
they are present in minute amounts. Organic acids and organic 
bases are not taken into account. If ingested or formed in the 
body, they may be utilized or oxidized. If excreted, their effect is 
shown when the minerals arc analyzed. Carbonates and ammonia 
are omitted for the same reason. Ammonia excretion is repre- 
sented by an equivalent mineral acid excretion, and carbonates 
by a corresponding alkali excretion. 

3. Terms and CalcidaUoji — Acidity does not refer, in this study, 
to the true acidity as measured by the hydrogen ion concentra- 
tion. Milk is alkaline in respect to its minerals, but acid in reac- 
tion. Acid or base value mc^ans the difference between mineral 
acid radicals (except carbonates) and liasic radicals (except am- 
monia) expressed in cc of 0 1 n A plus sign indicates acid, a 
minus sign indicates base. Sodium, potassium, and chlorine are 
monovalent; calcium, magnesium, and sulfate are divalent; phos- 
phate is calculated with a valence of 1.8 — the extent to which it 
is neutralized in the blood. 

The balance is positive when acid or base is retained, negative 
when they are excreted in excess of intake, when the body neither 
gains nor loses, it is in acid-base eciuihbrium. The value of acid- 
base metabolism is always stated in terms of base balance. Four 
possibilities thus occur . 

1 Base retention 

2 Acid excretion in excess of intake 

3 Base “ ‘‘ “ “ “ 

4 Acid retention 


= Posit i\e base balance 

a It it 

= Negative “ “ 

(( a it 


Plan of Experiment, 

The investigation was carried out in the Department of Pedi- 
atrics, the Johns Hopkins University and the wards of the Harriet 
Lane Home, the Johns Hopkins Hospital. 

Noraial acid-base metabolism was studied for 3 day periods in 
three male infants aged 7, 9, and 7 months, who weighed 8.8, 5.5, 
and 5.7 kilos. Food, urine, and feces were analyzed and the acid- 
base value was calculated. Them, without alteration of other 
conditions, in one case acid was added, and in the other two 
alkali, and the metabolism was again determined. 
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/. Material , — ^As shown in the protocols, the babies had previously 
recovered from acute infections. The second baby was also underweight. 
There is no reason to believe that during the period studied their metab- 
olism was abnormal. For a study of normals, babies of known history 
who gain at a normal rate are essential To avoid daily fluctuations and 
to permit accurate collections of excreta — especially the feces — the metab- 
olism periods should be as long as possible. Conditions should be uniform 
to permit the babies to attain equilibrium The infants were placed upon 
the experimental diet 2 days before collection of material was begun The 
diet was continued after the period until the last specimen of feces was 
obtained. 

2 Food — The food consisted of whole milk and water mixtures with 
added cane-sugar — considered suitable for the babies by Dr. John How- 
land The food was made up in bulk, sulfficient for the whole period 
of the experiment The milk was sterilized daily tor 3 days and kept on ice. 
A sample was taken for complete analysis. All food was well taken and no 
feedings were vomited or regurgitated Acid or alkali was divided into 
equal portions for each feeding and was added to the milk immediately 
before it was fed At the first and last feedings of the experimental period, 
ash-free carbon was added to mark the stools The feeding was continued 
until the marked stool was obtained, 

S Method of Collc( iion — During the period of study the babies were on a 
metabolism bed, similar in principle to that described by Courtney and 
Fales (5), but slightlv modified by Dr J L Gamble Every effort was 
made by the nurses to insure not only complete collection of specimens, but 
also for the best of nursing care It is a pleasure to acknowledge our 
indebtedness to Miss Hamer, AIiss Victor, and Miss Eliot for their excellent 
cooperation We felt it was important for the baby to be comfortable 
and not constantly crying and fretting The mattresses were so devised as 
to prevent exposure of the baby The penis and not the vihole scrotum 
was placed in an adapter attached to the collecting bottle The buttocks 
were held in place over a small porcelain container and the stools, which 
were soft and formed, were received in it, without soiling the bed 

There was no known error in collecting the specimens The urine was 
received into bottles containing 5 cc of thymol chloroform and shaken 
every hour to insure contact with the preservative The bottles were 
changed every 6 hours and put on ice At the end of 24 hours the volume was 
measured, the bottles vere rinsed with distilled water, and the urine w^as 
made up to 1,000 cc. The stools were weighed, put on ice as soon as passed, 
and after the end of the experimental period the baby w^as continued on the 
metabolism bed until the marked stool was obtained The stool for the 
w'hole period was then mixed by putting it through a fine sieve and made 
up to 1,000 cc The container was shaken for a half hour before taking a 
sample. This gave a thin emulsion which could be readily pipetted and 
analyses show'ed that this method gave closely agreeing duplicates On 
both the urine and stools, the ammonia, acid titration, and fatty acids 
were done immediately so as to preclude the gross changes due to 
decomposition The ash analyses were done at leisure. 
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4. Methods of Analusis , — In the urine, Na and K were determined as 
chlorides and then as the chloroplatinates, Na being calculated by differ- 
ence ( 9 ). Ca and Mg were determined by McCrudden’s method (18, 19). 
The Ca was ignited and weighed in platinum as CaO. The Mg was 
precipitated as MgNH 4 P 04 , and weighed as Mg 2 p 207 . The Cl was deter- 
mined by McLean and Van Slyke’s method ( 20 ), the NH 3 by Folin and 
Macallum’s method ( 11 ) with aeration and nesslerization, the total N by 
the Folin-Farmer (10) or by the Kjeldahl method, creatinine by Folin’s 
method ( 8 ), the total S by Benedict-Denis’ method ( 6 ); and the sulfate and 
ethereal sulfate by Folin’s method (7). The total phosphorus was ashed 
by Neumann’s method ( 21 ) and precipitated as molybdate and then as 
MgNH 4 P 04 , and weighed as MgiPyO? (16) The PO 4 was determined by 
the uranium acetate method (9), the CO 2 by Van Slyke’s method (31), 
organic acid by Black’s method (1) of setting m plaster and extracting with 
ether, and ash by Stolte’s method (29) The pH was determined by the 
colorimetric method of Clark (4), total acid excretion by the method of 
Henderson and Adler (15) 

In the food and feces Na, K, Ca, and Mg in the ash were determined as 
above, NHj as above, Cl as above after ashing with carbonate, total sulfur 
by Folin’s peroxide method (7)and in the bomb by Sherman’s method (24), 
total P as above, inorganic P by the micro method of Marriott and Haessler 
(17), CO 2 as above, fatty acid by Saxon’s method (23) and Black’s method 
(1), and titration value by the method of Shohl and IMarriott (28). pll 
studies by the electrometric method were begun but not completed on ac- 
count of the war. 

All the usual precautions of analytical procedure were used All 
analyses w^ere done m duplicate or triplicate The weights were calibrated 
against Bureau of Standards w^eights, the volumetric w^are was calibrated, 
all solutions were standardized, all methods checked against known 
amounts of pure substances, and blanks run on the materials 

S Discussion of Methods and Eirors — The value of the deductions de- 
pends largely upon the sum of the errors of all methods Calcium is an 
important example, for in the food it is 517/1,100, and in the stool it is 
366/477 of the base A 25 cc sample of milk was taken, the probable error 
of the determination was 0 3 mg in 43 4 mg , or 0 6 per cent The total 
value, 517 cc , is therefore accurate, =*=3 cc of 0 1 N The errors of the other 
methods have been evaluated in the same way. The square root of the sum 
of the s'quares gives the probable error as 8 5 cc of 0 1 N for the food; 8 cc. 
of 0 1 N for the urine, and 7 cc of 0 1 n for the feces The probable error 
of the base balance is then 13 cc of 0 1 n — any value greater than that is 
outside the experimental error. 

To the errors of the analyses must be added those of sampling, of collect- 
ing specimens, errors inherent in metabolism methods, loss by perspiration, 
error of feeding, etc. In all probability the largest error is due to individual 
variation. Such factors can be reckoned only when enough statistics are 
available. The total error can at present be but roughly approximated. 
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Results, 

Of the eight metabolism periods studied, four are here discussed. 
The other four were rejected because the data were not so complete 
nor accurate and because the sample of milk used was not analyzed. 
All data are given in Tables VIII and IX. 

The data for this study comprise: Period I, Baby A, age 7 
months, weight 8.8 kilos, on a normal diet; Period II, Baby A on 
the same diet, plus 250 cc. of 0.1 n HCl; Period III, Baby B, 
age 9 months, weight 5.5 kilos, on a noimal diet; Period IV, 
Baby B on the same diet, plus the equivalent of 473 cc. of 0.1 N 
NaHCOs. 

Analysis of Food , — That milk is ^n alkaline food is generally 
known from determinations by Sherman and Sinclair (26), and 
Sherman and Gettler (25). They analyzed the separate acids 
and bases and calculated their values in terms of normal solutions. 
They conclude that cow^s milk has an alkali value of 237 cc. of 
0.1 N per 1,000 gm. When this is recalculated, with the valence 
of 1.8 for phosphorus, the value is 422 cc. of 0.1 n per liter. Forbes 
(12) also calculated the value of milk, using Konig’s analyses, and 
found a value of 203.1 cc. of 0.1 n alkali per 1,000 gm. of dry 
substance. Calculated as whole milk, this equals 425 cc. of 0.1 
N base per 1,000 gm. of milk. 

Table I shows the ash values of the several samples of milk 
used in our experiments, the values of Konig, referred to above, 
Sherman’s figures, and the latest figures from Forbes and co- 
workers (13). Forbes’ are included because they are probably 
the best extant and also to show how milk analyzed by the same 
technique in the same laboratory may vary and at times be acid. 

The calculation of the ash value of milk raises several questions. 
Both Sherman and Forbes calculate the valence of phosphate at 2. 
At the pH of the blood, 7.4, the valence is 1.8, which value has 
been used in our calculations. In the second place, neither phos- 
phorus nor sulfur is completely oxidized in the animal body, so it is 
not correct to assume that they form entirely H2SO4 and H3PO4. 
The exact value to be assigned to them is difficult to ascertain, cer- 
tainly subject to revision. We have assumed, lacking proper data, 
that they are burned in the stool in the same proportion as in the 
urine; the error cannot be large and an approximatioA is neces- 
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TABLE I— Acid-Base 


Amount 

Kdnig 

Sherman 

Forbes I 

Forbes II 

Forbes II 

Per 1,000 gm 

Per 1,000 gm 

Per 1,000 gm 

Per 1,000 gm 

Per 1,000 


gm 

cc 01 y 

gm 

cc 01 N 

gm 

cc 0 In 

gm. 

cc 0 In 

gm. 


Ash . 











N. 











Ca 

1 15 

575 

1 24 

620 

1 009 

504 

1 321 

660 

0 873 


Mg 

0 112 

92 

0 11 

92 

0 131 

109 

0 163 

136 

0 150 


Na . 

0 436 

190 

0 69 

300 

0 376 

180 

1 094 

475 

0 334 


K 

1 47 

377 

1 54 

395 

1 410 

362 

0 984 

252 

1 169 


Base 


-1,234 


-1,407 


-1,155 


-1,523 


- 

P 

0 825 

480 

0 92 

535 

0 858 

498 

1 035 

603 

0 803 


PO 4 











S 

0 072 

45 

0 31 

194 

0 266 

163 

0 471 

295 

0 419 


SO 4 











Cl 

1 00 

284 

0 91 

256 

0 954 

268 

1 748 

491 

1 669 


Acid 


H-80<) 


+985 


+929 


+ 1,389 


- 

Balance 

-425 


-422 


-220 


-134 




* The values are calculated with the valence of phosphoius at 1 8 In determining the 
value for metabolism periods, the fraction jihosphorus burned to phosphates was estimated 
at 90 per cent and the fraction of sulfur burned at 8o per cent 
t Values not used in calculation of acid value 

sary. Sherman and Gettler have coriectly subtracted the non- 
sulfate sulfur in the urine in calculating the acid value in then 
metabolism experiments, but do not subtract it m the value 
assigned to the milk. For our purposes, we have used the propor- 
tion of inorganic sulfate as determined in our metabolism periods 
—90 per cent for pbosphoriis and 85 per cent for sulfur. 

The present analyses agrc'e satisfactorily with those cited. The 
calcium and phosphorus are each slightly high in one instance. 

The magnesium, sodium, and potassium arc quite average. The 
sulfur seems high, but is within noiinal limits. Our figures show 
that in each 1 ,000 gin. of milk there are 1 ,325 cc. of alkali and 1 ,100 
cc. of acid, as burned by the body. Of the alkali, the calcium is 
55 per cent; and of the acid, the phosphate is 45 per cent. The 
value per 1,000 gm. of milk is 233 and 202 cc. of 0.1 n alkali. 
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Cow^s Milk. 


Per.od I 

Period III 

Period I • 

Period II* 

Period III • 

Period IV • 

Per 1,0M gm 

Per 1,000 gm 

831 cc 

833 cc 

567 cc 

507 cc. 


cc 01 N 

um 

cc Olv 

gm 

cc OlN 

gm 

cc OJ s 

gm 

cc 01 N 

gm 

cc 01 s 





6 202 


6 902 


4 620 


6 760 






4 27 




2 73 





620 

1 34 

625 

1 031 

517 



0 775 

388 




128 

0 123 

103 

0 123 

103 



0 072 

60 




220 

0 530 

2,30 

0 422 

183 



0 310 

135 


473 


366 

1 36 

348 

1 183 

304 



0 785 

201 




-1,334 


-1,,306 


-1,107 




-784 




505 

0 871 

506 

0 804 

468t 



0 505 

293t 








418 




269 




301 

0 478 

299 

0 400 

250t 



0 270 

174t 








212 




150 



' 

266 

0 950 

268 

0 7SS 

222 

1 650 

250 

0 .545 

154 




+ 1,132 


+ 1,07,3 


+852 




+573 




-202 


-233 


-2,55 


— 5 


-211 


-684 


Metaboliwi of Acids and Bases. 

Total Intake —Tho diet consisting only of milk and cane-sugar 
was alkaline; the amount of alkali depended upon the quantity 
of milk used In the first period, 833 cc of milk were given, with 
a value of 255 cc of O.l n base, in the second, the same diet plus 
250 cc of 0.1 N HCd = 5 cc of 0 1 n base, in the third, 577 cc. of 
milk, with a value of 211 cc of 0 1 n liase, in the fourth, the same 
diet plus 473 cc of 0.1 n NallCO-? = 684 cc. of 0.1 n base. 

Excretion in the Urine "llowioio^o studies on acid excretion 
have been limited largely to the urine. For a correct interpreta- 
tion, the stools must also be taken into account, and each must be 
regal ded separately in relation to the intake. The balance for 
food and urine is given in Table II. The urine has an acid value. 
Acid increases the acid output; when acid is added to the intake, 
all is excreted. When alkali is given, the urine becomes alkaline 
and base is retained. A large positive base balance results in all 
cases. 
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Excretion in the Feces , — The positive base balance for food and 
urine alone (300 to 600 cc. of 0.1 n) is so large as to indicate 
that excretion of minerals by the feces must be of considerable 
importance. The word excretion is used to include everything in 
the feces — whether excreted, secreted, or unabsorbed. The acid 
or alkali value of the stool is calculated in the same way as for the 


TABLE II. 

Balance of Urine and Food in Cc. of 0 1 N, 


Period 

I 

Normal 

II 

250 cc 
HCl 
added 

III 

Normal 

IV 

473 cc 
NaHCOi 
added. 

Bases (1) 

Urine acids (2) 

cc 0 ts 

-357 

+570 

cc 0 I N 

-440 

+909 

cc 0 J N 

-289 

+366 

cc 0 J! N 

-649 

-376 

Value of urine (3) = (1) — (2) 

‘‘ food (4) 

+213 

-255 

+469 

-5 

+77 

-211 

-273 

-654 

Positive base balance for food and urine 
(5) = (3)-(4) 

468 

474 

288 

381 


TABLE III. 

Balance of Feces and Food in Cc. of 0.1 N. 


Period 

I 

Normal 

II 

250 cc 
HCl 
added 

III 

Normal 

IV 

473 cc 
NaHCOs 
added 

Bases (1) .... 

Feces acids (2) . . . 

cc 0 J N 

-477 
+ 123 

cc 0 I N 

-560 
+ 168 

cc 0 1 N 

-332 

+90 

cc 0 1 s 

-405 
+ 120 

Value of feces (3) = (1) — (2) . 

-354 

-392 

-242 

-285 

“ “ food (4) 

-255 

-5 

-211 

-654 

Base balance for food and feces (5) = (3) — 





(4) 

Necr 99 

Nee 387 Nee 31 Pos 369 


urine and compared with the value of the food. The data are 
shown in Table III. 

The feces have an alkali value and acid does not increase the 
acid excretion. Alkali increases alkali excretion by the bowel. 
A large negative base balance results in every case but the alkali 
period; when alkali is added, 400 cc. are retained in excess of nor- 
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mal and the balance becomes positive. The action of the bowel is, 
in the main, just the opposite of that of the kidney. The kidney 
normally excretes the acid elements in excess. The bowel excretes 
the alkali in excess. Added acid is excreted almost wholly by the 
kidney. Added alkali is excreted partly by the kidney and partly 
by the bowel. 

The bowel acts in maintaining neutrality of the body by remov- 
ing alkalies. When excessive alkali is given, the amount of the 
output is increased. Whether the bowel can also serve as an 
emergency factor in excreting excess acid remains yet to be proved. 
For in the case given above, even after acid was added, the food 
was still neutral ( — 5 cc. of 0.1 n). Analyses of the stool in acidosis 
give reason to believe that the bowel can also act in excreting 
acid. 

TABLE IV 

Base Balance per Day. 


Period 

1 

Normal 

II 

250 rc 
HCl 
added 

III 

Normal 

IV 

473 ee 
NaHCOj 
added. 

Value of urine (1) 

“ ‘‘ feces (2) . 

cc 0 In 

+ 213 
-354 

cc 0 1 n 

+469 

-392 

cc 0 1 n 

+77 

-242 

cc 0 1 n 

-273 

-285 

Value of output (3) = (1) — (2) 

“ ** food (4) 

-141 

-255 

+77 
— 5 

-165 

-211 

-558 

-684 

Positive base balance ('5) = (S) — (4) 

114 

82 

46 

126 


It has been claimed that the main changes taking place in the 
bowel are due to bacterial action and, therefore, do not represent 
any adequate picture of what the body has absorbed or excreted. 
Such reasoning forced us to the present method of study which 
eliminates organic acids formed b}" bacteria. Bacteria do not 
make sodium or sulfur; but they may make sulfate into sulfur, or 
sulfur into sulfate. Fortunately for the outcome of the work, the 
proportion due to sulfur and phosphorus in the stool is so small in 
comparison to the bases that this becomes quantitatively a minor 
problem. Future work may modify the picture, but cannot 
greatly change it. 

Base Balance . — The data necessary for determining base bal- 
ance are given in Table IV. The combined acid excretion of the 
urine and feces is compared with the value of the food. 
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We can draw the conclusions: (1) A positive base balance results 
in all cases. (2) Acid decreases the positive base balance. When 
250 cc. are given, the balance is diminished one-third; 32 cc. of 
acid are retained, one-seventh of the intake. (3) Alkali increases 
the positive base balance. When 473 cc. are given, the balance is 
increased twofold; 80 cc. of alkali are retained, one-sixth of the 
intake. (4) On the milk diet, the output is alkaline in value; but 
when acid is added to the milk, the output is acid. 

Normally a retention of base must occur. The body fluids are 
alkaline; if their alkalinity is to be preserved, base must be stored 
in growth. Depletion of the alkali stores causes acidosis, increase, 
an alkalosis. As is to be expected, the figures show a smaller base 
retention when acid is given and a larger retention when alkali is 
given. The average base retention is approximately 75 cc. of 0.1 
N base per baby per day. 

TABLE V 

Base Balance per Kilo per Dot/ i7i Cc of 0 1 N. 


Period 

I 

Normul 

11 

2i() or 
HCl 
added 

III 

Noiijial 

1 IV 
! 473 ee 
NallCOi 
j added 


cc 0 1 s 

C( 0 1 N 

c( 0 / V 

rr 0 1 Ts 

Value of food (2) 

-28 

— 05 

-38 

-124 

** ** output (1) 

-16 

+9 0 

-30 

-101 

Positive base balance (3) = (1) — (2) 

12 

9 5 

8 

23 


A more accurate comparison is made if the retention is calculated 
in relation to body weight Baby A weighed 9.0 kilos at the end 
of the experiment, and Baby B, 5.5 kilos. On the per kilo basts, 
the values are given in Table V. The positive base balance on a 
normal diet is in one case 12 cc., and in the other 8 cc. per kilo 
per da 3 ^ 

This method of computation can be applied to values given in 
the literature, if the milk, urine, and feces have been analyzed 
completely and by approved methods. Four studies are available. 
Blauberg studied a baby on cow's milk (2). The baby was 7| 
months old and weighed 7.15 kilos. He gained 21.9 gm. daily. 
Negative balances of sodium, sulfur, and chlorine occur, although 
the baby was gaining in weight. Losses of sulfur and chlorine in 
ashing the milk probably account for these negative balances. 
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If Forbes' or our values for the milk be substituted, the balances 
become positive. The calcium, too, seems slightly high and the 
magnesium slightly low. To the value obtained, the values of the 
negative retention have been added on the assumption that the 
intake figures arc too low, at least by that amount. The results 
show a retention of 26 cc. of 0.1 n ' alkali per kilo per day. If a 
normal retention of phosphorus and sulfur occurred, the retention 
would be less alkaline, and would approximate that of the follow- 
ing cases. 

The breast-fed baby studied by Blauberg (3) was 4f months old, 
weighed 6 7 kilos, and gained 10 gm. daily. The results are more 
uniform and the retention calculated ip acid-base value is 52 cc. 
of 0.1 N base, or 8 cc. of 0.1 n alkali per kilo per day. 

The breast-fed baby of Tobler and lioll (30) was 2| months old, 
weighed 4.0 kilos, and gained 25 gm. daily. The metabolism 
resulted in a positive base balance of 75 cc., or 18.2 cc. of 0.1 n per 
kilo. This is larger than for the baby studied by Blauberg; but 
the gain in weight was proportionally greater. Also, even though 
the baby was smaller, he took more food. Therefore, it is proba- 
ble that the difference in the base balance of the two bab.es repre- 
sents a corresponding difference in their metabolism. 

Sawyer, Baumann, and Stevens (22) have made a metabolism 
study on two boys aged 5 and 8 years, weighing 22.7 and 23.0 
kilos. We have recalculated their figures, not considering NH3 
as an alkali, and have computed the acid-base value of the food 
which they analyzed. The figures for the nonnal periods resolve 
into a positive base balance of 10.0 and 14.5 cc. of 0.1 n alkali per 
kilo per da}^ Of course, the children are older; however, the base 
balance is nearly the same as for infants. 

In our study the base balance was reduced from 12 0 to 9.5 cc. 
of 0.1 N when 250 cc. of HCl were given. The base balance was 
increased from 8 to 23 cc. of 0.1 n when 473 cc. of NaHCOa were 
given. No data are available with which the acid and alkali 
periods can be compared. There is, however, the study of Sawjw, 
Baumann, and Stevens. They have, in the same two children 
studied during normal periods, determined the effect on mineral 
metabolism of acidosis produced by high fat feeding. Clinical 
symptoms of acidosis were produced. The alkali reserve, nor- 
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mally 50 and 49 volumes per cent, was reduced to 29 and 37 vol- 
umes per cent. Calculation of the mineral metabolism shows that 
in the first case the positive base balance of 10.0 cc. of 0.1 n 
was changed to a negative base balance of 0.8 co. of 0.1 n; in the 
second, the positive base balance was reduced from 14.5 to 6.0 
cc. of 0.1 N. The increase or decrease in the base balance shows 
the development of alkalosis and acidosis. 

To calculate the base retention compared to the gain in weight 
would be desirable. The actual gain, however, — 50, 33, 10, and 20 
gm. per day — seems too small in comparison to the errors in weigh- 
ing and the errors caused by a full bladder or rectum, so that 
accurate calculation cannot be made. The base balance calculated 
in relation to ash retention — the number of cc. of 0.1 n base re- 
tained per gm. of ash retained — is shown in Table VI. 


TABLE VI 
Ash Balance, 


Period ! 

1 

Normal 

II 

250 cc 
HCl 
added 

III 

Normal 

IV 

473 cc 
NaHCOi 
added 

Positive ash balance, gm 

“ base balance per gm of 

0.753 

* 0 515 

0 565 

0 291 

ash balance, cc 

150 

158 

82 

430 


For each gram of ash retained in a normal period, approximately 
100 cc. of 0.1 N base are retained. Acid does not change greatly 
the character of the salt retained, but alkali makes the retention 
five times as alkaline as normal. The nitrogen metabolism studied 
in conjunction with the mineral balance is an aid in interpretation. 
A positive nitrogen balance indicates the extent of protein storage. 
If we assume that 1 per cent of body protein is sulfur, then daily 
0.03 gm. of non-sulfate sulfur is stored. This sulfur has acid 
value only when it is burned during protein catabolism. Phos- 
phorus must be similarly stored in non-acid form for nucleotides 
and phosphatides. Hence in calculating the value of sulfur and 
phosphorus for retention, the neutral portions must be determined 
and deducted. 
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Neidral Salt Effect . — The salts in cow’s milk total more than 
twice those of breast milk. This has been given as one of the 
reasons for diluting milk in infant feeding. The actual retention 
of salts is nearly the same, but the percentage of retention is 
much greater for breast milk; therefore, the German pediatricians 
have tacitly assumed that the salts of milk form a luxus consump- 
tion and are utilized in respect to their needs. A positive base 
balance does not imply that no acid radicals are retained, but only 
that basic radicals are retained in excess. A positive balance 
results if either alkali is retained or acid excreted: but as salt 


TABLE vn . 



Alkali 

Acids 

Period 

I 

II 

ni 

i 

IV 

I 

II 

III 

1 iv 


Normal. 

250 cc HCl 
added. 

Normal 

473 cc NaHCX)« 
added 

Normal 

250 cc HCl 
added 

Normal. 

473 CO NaHCO* 
added. 

Value of food (1) 

-1,107 

-1,107 

1-784 

-1,257 

+852 

+1,104 

+573 

+573 

“ “ output (2) 

-824 

-1,000 

-621 

-1,054 

+693 

+1,077 

+456 

+496 

Value of retention 



1 

1 






(3) = (1) - (2) . 

-283 

-107 

1-163 

-203 

+159 

+27 

+117 

+77 


retention determines the relation of alkali to the neutral salts, or 
to the osmotic pressure, effect on the body is quite different. 
The simple statement of this effect is included in Table VII. 

In the acid period both fewer acid radicals and fewer alkali 
radicals are retained than in the normal period (and the sum of 
the two results in a smaller positive base balance). More neutral 
salts are therefore excreted and the salt retention is less than 
normal. In the alkali period, however, more alkali radicals and 
fewer acid radicals are retained than normal. The alkali radicals 
replace the acid radicals in the body. 



TABLE VIII 

Acid-Base Value of Urxne. 


vin 

300 cc 0.1 K 
NaHCX)» added 

OO ^ Oi 

Q 

CO OO 

i-S tH CO 

CO 1-H 

SS 

1 


gm 

2 86 

0 376 

1 68 

0 097 

0 033 
0 014 
|0 731 
0.526 

t 


CO 

CO 

o 

VII 

600 cc 0 1 N 
HCl added. 

cc 0 Is 

8 4 
180 
301 

56 

^ 22 1 § 

lO 

00 

1 

lO 

05 

gm 

2 664 

0 430 
2 14 

0 094 

0 017 

0 015 

1 52 

0 515 

1 


o 

VI 

Normal 

1 ___ 

cc 0 1 N 

510 

6 8 
43 
171 

84 

^ o 05 go 

T-C ,-H 

rH 

-238 

202 

i 

gm 

j 

1 776 

0 240 

1 92 

1 

12 4 

1 

1 

0 086 

0 022 
0 012 
0 182 
0 539 

r>- 

1 

0 347 

V 

Normal 

cc 0 1 s 

586 

6 6 
58 
105 

1 70 

05 "rri CO ' 

CO —t 

(N —I 

2 

CM 

gm 

3 18 

0 146 

1 88 

8 3 

0 072 

0 078 
0 016 
0 585 
0 475 


CO 

P 

IV 1 

t 473 cc 0 1 N 
NaHCOa added 

cc 0 J s 

500 

8 2 
41 

37 

300 

1 

O r-t 

1-H 05 

tJH rH 

-649 

o 

gm 

4 474 

i 

1 

lO 052 
1 96 

0 03 

0 082 

0 021 

0 005 

1 137 
0 550 


Q CO O 

^ *r5 O 

P 

III 

Normal 

' cc 0 1 s 

510 

6 4 

1 38 

1 124 

29 

CO 05 'Tf CO 

1— 1 ( CO 04 

-289 

»o 

1 

gm 

2 186 

b 174 
1 89 

9 2 

0 078 

0 026 
0 023 
0 308 
0 478 


0 270 
0 147 
0 002 

II 

250 cc 0 1 N . 
HCl added 

cc 0 1 N 

735 

6 0 
137 
374 

6 


-440 

O 

CM 

CO 

nm 

3 306 

0 524 
3 66 

14 3 

0 129 

0 022 
0 018 
0 475 
0 813 


0 544 

0 522 
0 260 
10 on; 

1 1 

I 

Normal j 

cc 0 1 N 

495 

6 1 
100 
160 

5 

O lO 

S 8 

1 

256 

gm 

3 153 

I 

0 224 
3 40 

5 7 

0 118 

0 017 
0 018 
0 300 
0 785 


p 457! 
0 441 
0 24ll 

j 

Period. ... j 

Amount . . . 

Ash 

pH . 

Titratable acid . . . 

NH, 

N 

NH, 

per cent. . 

^ Organic acid. . . 
CO, . 

Creatinine ... | 

: 

* 

b 3 ^ c8 • 

O S W 

Bases (1) 

. : i' 

. "TS 

• • e 

: ^ 

pi S CQ M 



S 

§- 

-172 

<=> <=> 




CO 

H- 

-438 

cr> <=> 




CO 

-K 

Oi 

CO 

c=> c=> 



s g 

CO 

CO 

-f- 

o» 

OO 

+ 

0 096 

120 



S § 

CO 

t'— 

CO 

-f- 

CO 

1 

s § § 
<=> <^ <=> __ 

i 


O:, c=> 

I>- CO 

s 

' ^ 

iC^ 

-h 

CO OO 

»o 

<:::> cs> CO 

1 

' 1 


s ^ 


-f- 

0 214 

0 225 

1 615 



B B 

fcO 

-+- 

CO 

CSl 

-f- 

9S 515 

S <r<i S 

<=> CO CO 



o : * 

CO 

-§ o *. 

g GQ . 

Sf ^ - 

J ^ d 

1 

Acids (2) 1 

11 - 

• 

OQ 

i JL 

as 

PQ 


249 



TABLE IX. 

Add-Base Value of Feces and Base Balance, 


% 

55 

o 

514 

33 

12 

22 

g 

1 

Q O 

O 1^ 

+125 

1 

1 

gm. 

1.899 

1-10 0 0 



• 



o 


f 

S ^-Vh 

O «H vH 

1-4 

1—4 

(N 

1-4 

+ 


gm 

2 086 

CO O O 1 -H 

_Q_ Q_JP o 


o 



VI 

Normal 

.a § 

00 CO ^ eo 
^ CO i-i CO 

§ § s = 

1 

rH 

CQ 

1-4 

+ 

1“ 

1 

6 § 

Cb 

lO ^ CO 

CO o o ^ 
_o„C>_C2_C>_ 

CO lO 00 <M 

OI r-l v-l 

CO 

1 

o 



V 

Normal 

ec 

0.1 a 

80 

g 2 

1-4 

0 

f-4 

f-4 

+ 

8 

1 

gm 

0 896 

350 b 652 
11 0 030 
28 0 041 
16 b 047 

-405 

0 032 



IV 

473 cc 0 1 N 
NaHCOi added 

•=> =“ 2 
u 

di f-4 1-4 

1-4 

+ 

-285 

gm 

2 015 
0 24 

0 702 
0 014 
0 063 
0 063 


0 180 

0 019 

0 049 



III 

Normal 

o o 

o i>- <o 

S 5 H! S 

(N 

CO 

CO 

1 

»o O to 

t>» r-( 

8 

+ 


gm 

1 513 
0 18 

0 525 
0 052 
0 025 
0 060 


0 143 

0 014 

0 018 



II 

250 cc 0 1 N 
HCl added. 

u 

v> 

434 

67 

32 

27 

-560 

CO o ^ 

r^ 1-4 oo 

SS 

fH 

+ 

w 

1 

gm 

3 081 
0 385 

0 865 
0 081 
0 073 
0 104 


0 140 

0 302 

• 


I 

Normal 

o ^ g 

CO Q 
cO UO CO 

CO 

r- 

1 

g o 

1-4 

CO 

(N 

i-H 

+ 

f 

gm. 

2 296 
0 285 

0 734 
0 060 
0 079 
0 104 


O 

(N O 

O O 



Period 

Ash 

N 

Titratable alkali 

Fatty acid 


Base (1) 

P 

PO 4 

s 

S 04 

Cl 

Acid (2) 

Feces balance (3) = — (1) 

- (2) 
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g2 

r < 

1 




* 


§ 

1 

1 


f 1 

<o 

- 



- 

QO 

?2 

§ 

1 

QQ 

1 1 

CO eo 

S CNi 




t-— 

t— 

1 1 1 





era 

SS 

-h 

+ ' 

C^» Oa 

oo 


• 


oo 

“h 

^ is 

• CSl 

1 1 

r^ 




Urine balance (4) (from 
Table VIII) 

Excretion (5) = (3) + (4) 
Food value (6) (from 
Table I) 

Positive base balance = 

(6) - (5) 

Positive base balance per 
kilo 


2S1 
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CONCLUSION. 

Base balance defines a new physiological constant. Just as the 
nitrogen requirement can be definitely calculated, the acid-base 
requirements can be evaluated and the liniits of normal defined. 
This is especially important in early life when normal growth must 
require its quota of alkali. Estimation of the base balance is 
significant in such diseases of metabolism as acidosis, rickets, and 
tetany, and should provide us with a new view-point as to their 
pathological physiology. 


SUMMARY. 

1. A method of measuring base balance is outlined. 

2. In babies under 1 year the normal positive base balance is 
10 cc. zb 2 cc. of 0.1 N per kilo per day. 

3. Acid or alkali when added also affect the character of the salt 
retention. Acid causes a smaller salt retention than normal, and 
alkali causes a salt retention approximately normal in amount, but 
more alkaline in substance. 

4. Acid or alkali when added are retained to about one-seventh 
or one-eighth. The excretion of added acid is by way of the kid- 
ney; of added alkali, partly by the kidne^^ and partly by the bowel. 
250 cc. of 0.1 N HCl lower the positive base balance from 12.0 
to 9.5 cc. of 0.1 N per kilo; 473 cc of 0 1 n NallCOs raise it from 
8.0 to 23.0 cc. of 0.1 N per kilo. 

It is a pleasure to acknowledge the assistance of Dr John How- 
land and Dr. W. McKim Marriott under whose direction this 
work was conducted. 


Protocols} 

Baby A . Period 1. Baby received food specially prepared and analyzed 
in laboratory, beginning Jan 17 Five feedings of 225 cc each The 
feeding consisted of whole milk, 833 cc , water, 292 cc , and cane-sugar, 56 
gm , equivalent to 85 calories per kilo Baby weighed 8 8 kilos Put on 
metabolism bed at 1 p m , Jan. 10. The carbon was put into the 6 p.m 
feeding and th3 urine collected from that time The stools were obtained 
as follows* 3 and 8am, rejected, 2pm, part containing carbon retained; 
4 and 8 p.m., Jan. 20; 4, 6, and 8 p.m., Jan. 21; 6 and 8 am. and 


1 The clinical histones are omitted at the request of the editors 
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5.30 p m., Jan. 22, 12 and 2 p.m., Jan. 23. The 6 p.m. stool contain^ the 
carbon given at 6 p.m. the day before, when the urine sample was complete. 
The weight of the eleven moist stools was 95 gm. The urine was divSed 
in 24 hour samples : 510, 480, 480, and 510 cc. Average, 495 cc. of urine W 
day. There were no known errors. Removed from frame 2 p.m , Jan 28. 
Weight 8 95 kilos 

Boby A. Period 11 . — Same baby as in Period I. Weight 8.9 kilos 
Jan 24, 1917 put on frame at 2 p m Same feeding as in previous period 
To this was added HCl The feeding was divided in two portions and the 
equivalent of 50 cc of 0 1 n acid in 15 cc of fluid was added to the first por- 
tion and fed at once to the baby. The second portion was used to rinse the 
flask in which the acid had been and then given to the baby. The feeding 
was well taken There were no signs of hyperpnea. At 6 p m , Jan 25, 
carbon was given and the collection of specimens begun. At 10 p m the 
acid was omitted by mistake, but given at 2 a m. with half of the morning 
bottle. Jan 26, 6 a m , half the usual feediijg, plus 50 cc of 0.1 N HCl. 
The baby is pale and the ears are discharging freely Jan. 27, ears better. 
Baby in good condition. Respirations 60 Carbon given at 6 p m Last 
marked stool obtained at 11 40 a m , Jan 28 At 2 p m baby vomited about 
an ounce of feeding As the stool had been previously obtained, the experi- 
ment was stopped and that day’s urine rejected 8pm, temperature 103® 
F. Stools obtained at 6 p m (partly marked with carbon), Jan 27, 1 a.m., 
12 n , 2 and 6pm; Jan 28, 11 40 a m , part marked with carbon Total 
moist weight 72 gm. Urine Jan. . 570, 712, and 760 cc Weight 9.0 kilos. 

Baby B. Period 111 — The experiments were conducted exactly as in 
Periods I and II. Mar 12, baby put on frame at 2 p m Weight 5.5 kilos. 
Feeding consisted of milk, 585 cc , water, 315 cc , cane-sugar, 45 gm Five 
feedings of 180 cc each. Baby off frame at 10 a m on Mar 16. Carbon 
stool obtained. No known errors Weight 5 53 kilos. 

Baby B Period IV. This period was begun at 6 p m , Mar 16. In 
this period 3 97 gm of NallCOs in 50 cc solution were given each day — 
2 cc in each feeding. Weight at beginning 5 45 kilos Mar. 20, carbon 
stool obtained Weight 5 5 kilos 
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11. MINERAL METABOLISM. 

By a. T. SHOHL and A. SATO. 

{From the Department of Pediatrics, the Johns Hopkins University , 

Baltimore.) 

(Received for publication, August 23, 1923 ) 

An attempt to evaluate the total efifect of acid and base on 
mineral metabolism of infants was presented in the first paper. 
The present study deals with the more minute effects — the bal- 
ance and paths of excretion of the individual elements. The 
material and periods of study are the same. 

Infants on a normal diet should show a positive balance of each 
element, which must be affected by the amount of intake, the 
metabolic requirements, and the relation to other elements. Data 
in terms of 0.1 n solutions are presented to show: (1) the intake of 
the individual elements; (2) the excretion of each in the urine and 
feces; and (3) the balance. All salts leaving by way of the bowel 
are called '^excretion. In practically all the literature the amount 
of minerals in the feces is considered as not assimilated and the 
percentage retained is given as per cent of ^^absorbed.^* As 
in previous experiments, all our values for retention and excretion 
are calculated in relation to the amount ingested. 

Ash . — The simplest, most accurate, and most comprehensive 
understanding of mineral metabolism is furnished by the ash 
values of food, urine, and feces. The determination is easy. The 
interpretation is difficult. Albu and Neuberg (1) have pointed 
out that the ash does not represent the elements in the food since 
much of the chlorine, sulfur, and sodium may be lost in ashing. 
This criticism does not apply for ashing done by the Stolte method. 
However, the ash contains mixtures of oxides and carbonates im- 
possible to calculate. The phosphates are converted into pyro- 
and meta-phosphates in unknown proportions. Conditions for 
the formation of oxides, carbonates, and phosphates differ in the 
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fooi, urine, and feces, and the results of their ash analyses are not 
at all comparable. Deductions based upon the analysis of the 
aeh should be guarded. 

Our figures for the ash values are given in Table I. The ash 
value of the food in Period II (acid) was calculated by adding to 
the ash, as determined for Period I (normal), the weight of the 
HCl and subtracting an equivalent amount of O 2 . In Period IV 
(alkali) the weight of the bicarbonate, 4 gm., was calculated as 
carbonate, 2.529 gm., and added to the value of the ash in Period 
III (normal). Both acid and alkali seem to diminish the ash 
retention, both absolutely and as percentage of intake. Yet, 
first analyses showed that though added acid removes basic ions 
and alkali removes acid ions, alkali in excess of acids is retained in 
both cases. An actual increase of ash retention woud be expected 


TABLE I 
Ash 


Period 

Intake 

Pccee 

Ilnne 

Total excretion 

Retention 


gm 

gm 

per rent 

gm 

per lent 

gm 

per cent 

gm 

per cent 

I 

6 202 

2 296 

37 

3 153 

51 

5 449 

88 

0 753 

12 

II 

6 902 

3 081 

44 5 

3 306 

48 

6 387 

92 5 

0 515 

7 5 

III 

4 260 

1 513 

35 5 

2 1 K 6 

51 5 

3 699 

87 

0 561 

13 

IV 

6 780 

I 2 015 

30 

4 474 

66 

6 489 

96 

0 291 

4 


when alkalies are given. The effect on the paths of exci'ction 
shows that in a normal period about 37 per cent of the ash is 
excreted by stool and 51 per cent by urine. In the acid period, 
excretion by the stool is increased from 37 to 44 per cent and by the 
urine decreased from 51 to 48 per cent. In the alkali period, the 
reverse is true; excretion in the stool is decreased from 35 to 30 
per cent of intake, and in the urine increased from 51 to G6 per 
cent. 

Nitrogen . — The nitrogen results are, of course, much simpler to 
interpret than the total ash and in these values considerable 
confidence can be placed. The nitrogen intake (Table II) is high, 
as is to be expected from a milk diet. For an adult of 70 kilos 
with intake proportional to weight, this would represent 33 and 
35 gm. of N, or 208 and 216 gm. of protein, respectively, for the 
normal period. The retention is approximately normal for 
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infants — 0.5 to 0.6 gm. of N, about 4 gm. of protein peiVday. 
It is nearly the same whether the intake be high or low; if iW a 
larger percentage is retained. Both acid and alkali diminishVhe 
retention. In the acid period it is diminished from 13.5 to 5.5 f^r 
cent of the intake and in the alkali period, from 24.5 to 9.5 p^^r 
cent of the intake. 

The excretion of N is largely through the urine. The percent- 
age found in the stool is larger in infants than in adults. Both 
acid and alkali increase the excretion of nitrogen in the urine and 

TABLE II 
Nitrogen 


Period 

Intake 

Feces 

Urine 

Total excretion 

Retention 


gm 

gm 

per cent 

gm 

per cent 

r.- 

1 

per cent 

gm 

per cent 

I 

4 27 

0 285 

7 

3 40 

79 5 

3 685 

86 5 

0 585 

13 5 

II 

4 27 

0 385 i 

9 

3 66 

86 

4 045 

94 5 

0 235 

5 5 

III 

2 73 

0 18 

6 5 

1 89 

69 

2 07 

75 5 

0 66 

24 5 

IV 

2 73 

0 24 

9 

1 96 

71 5 

2 20 

00 

o 

0 53 

9 5 


TABLE III 
Calcium 


Period 

Intake 

Excretion j 

Retention 



Feres 

Urine 





gm 

cc 

gm 

cc 

per 

ctnt 

gm 

rr 

jier 

cent 

gm 

cc 

per 

cent 

I 

1 031 

517 

0 734 

366 

71 

0 017 

9 

2 

0 280 

140 

27 

II 

1 031 

517 

0 865 

434 

84 

0 022 

11 

2 

0 144 

72 

14 

III 

0 775 

388 

0 525 

263 

68 

0 026 

13 

3 

0 224 

112 

24 

IV 

0 775 

388 ! 

0 702 

350 

90 

0 021 

10 

3 

0 052 

26 

7 


also in the stool, for our experiments, in roughly the same pro- 
portion. In addition to the total nitrogen the effect on NHs 
nitrogen and creatinine N is shown in Table VIII on page 248 of 
the first paper. 

Calcium ,' — More interest has been shown in the calcium balance 
than in any other single element of mineral metabolism. The 
results of our determinations are shown in Table III. If we take 
the standard for a 70 kilo man as 1.50 gm., CaO equals 1.07 Ca, or 
0.0152 gm. of Ca per kilo. Then it should be 0.137 and 0.0835 
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gm. ti Ca for our babies, respectively. Since babies retain larger 
amimts of the intake to meet their greater needs for growth, 
thfc figure would be accepted as very low by most pediatricians. 
Tke intake for our babies was 1.031 and 0.775 gm,, respectively. 
The actual need of calcium for infants, as determined by metab- 
olism experiments, remains to be established. 

The retention in the babies studied was decreased by acid from 
140 to 72 cc. of 0.1 N and by alkali from 112 to 26 cc. of 0.1 n, but 
was still positive. Acid increased and alkali decreased the excre- 
tion of calcium in the urine. In infancy a much larger percent- 
age leaves the body by the bowel than in adult life. In normal 
periods, 95 to 98 per cent of excretion were in the stool. Both 
acid and alkali increased the excretion of calcium in the stool, but 
a far greater amount, absolutely and relatively, than in the urine. 


TABLE IV. 
Magnest um 


Period 

‘Intake 



Excretion 



Retenti 





» 

Feces 



L nne 






gm 

cc 

gm 

cc 

per 

cent 

gm 

1 

rr 

per 

cent 

gm 

cc 

/xr 

cent 

I 

0 123 

103 

0 0599 

50 

48 

0 0178 

15 

15 

0 0457 

38 

37 

11 

0 123 

103 

0 0805 

67 

65 

0 0179 

15 

15 

0 0246 

21 

20 

III 

0 0720 

60 

0 0515 

43 

73 

0 0226 

19 

32 

0 0021 

-2 

-3 

IV 

0 0720 

60 

0 0135 

11 

19 

0 0054 

4 

7 

0 0521 

45 

i 

74 


Magnesium . — Magnesium metabolism is much less than the 
calcium, as shown in Table IV. The intake is roughly one-fifth 
that of calcium. Magnesium is also excreted largely through the 
feces — 70 to 75 per cent in normal periods. Acid increases the 
total excretion and the percentage in the feces, but the urine is 
Unaffected. Alkali decreases the excretion in both urine and feces 
to one-fourth of normal. The retention is diminished by acid to 
one-half of normal; alkali very largely increases it. Since the 
balance of magnesium is negative in the second normal period, 
this effect is perhaps partly compensatory and larger than if due 
to alkali alone. However, alkali causes a retention of 74 per 
cent of the intake, a large positive balance — 45 cc. — as compared 
with 38 cc. during a normal period of the other baby with twice 
the magnesium intake. When the calcium retention is dimin- 
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ished by alkali, the magnesium is increased; acid diminishei the 
retention of both to about half the normal \ 

The ratios of excretion of the divalent elements show that mag- 
nesium exceeds calcium in the urine, as has previously been point^id 
out by Renvall, Bunge, and Von Noorden* The ratios of retentiok 
indicate that the magnesium is retained in excess of the amount 
necessary for bone; a greater proportion is then allowed for the 
soft parts. 

Sodium . — The sodium results are shown in Table V. The intake 
would represent 8.3 to 6.29 gm. of NaCl, or 3.3 to 2.4 gm. of Na 
for a 70 kilo man, which would be considered small. Excretion is 
largely by way of the urine; in the normal babies, 79 to 92 per cent. 

Acid markedly increases the excretion in the urine and the 
bowel shows a constant amount. In the acid period total excre- 

TABLE V. 

Sodium 


Penod 

Intake 

Excretion 

Retention 



Feces j 

Urine 





gm 

cc 

gm 

cc 

per 

cent 

j 

gm 

cc 

per 

cent 

gm 

cc 

per 

cent 

I 

0 422 

183 

0 0785; 

34 

19 

0 300 

131 

71 

0 0435 

19 1 

10 

II 

0 422 

183 

io 0732 

32 

18 

0 475 

206 

112 

0 126 

55 

30 

III 

0 310 

135 

jO 0252; 

11 

8 

0 308 

134 

99 

p 0232* 

10 

7 

IV 

1 400 

616 

0 0629 

1 

28 

45 

1 137 

494 

81 

0 200 i 

1 i 

89 

14 5 


tion increases by 50 per cent. In the alkali period, the picture is 
hardly comparable — the alkali used was sodium bicarbonate 
which increased the intake of sodium by more than 300 per cent. 
Under these conditions a smaller percentage of the intake was 
excreted both by the stool and urine. Of the 473 cc. of sodium 
added, 17 cc. left by the bowel and 360 cc. by the urine. 

The retention is very sharply affected by acid and alkali. 
In Period II, 250 cc. of 0.1 n HCl cause a positive balance of 19 
cc. to turn to a negative balance of 55 cc. The negative balance 
of 10 cc. is changed to a positive balance of 99 cc. by 473 cc. of 0.1 
N NaHCOs. Thus, whether or not the effect is due to the particu- 
lar acid or alkali used, the magnitude and direction of the result is 
unmistakable. The sodium balance is very markedly affected by 
additions of acid or alkali. 
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Potassium . — Potassium intake seems large, but is apparently 
not abnormally high for a baby. Calculated for a 70 kilo adult it 
e< 2 uals 17.5 and 19.0 gm. of KCl, or 9.29 and 10.9 of K per day. 

The excretion of potassium in babies is largely by way of the 
urine, 88 to 88.5 per cent leaving the body by that path. Sur- 
prising as it may seem, neither additional acid nor alkali appre- 
ciably alters the excretion. The acid effect is negligible; alkali 
increases excretion in the urine 15 per cent. The figures accord 
with the theory of Bunge^ — that sodium drives out potassium. 
The experiment is a test of the hypothesis under severe conditions: 
on the one hand, sodium should cause the excretion of potassium; 
and on the other, potassium should be retained along with sodium 
in alkali feeding. Retention of potassium is the result of the two 


TABLE VI 
Potassi um 


Period 

Intake 



Exf retion 



Retention 




1 t S 



Trine 






dm 

cc 

gm 

CC 

per 

cent 

1 

om 

cc 

Txr 

cent 

gm 

cr 

1)€r 

cent 

1 

1 182 

300 

0 104 

27 

9 

0 785 

202 

67 

0 293 

71 

24 

II 

1 182 

300 

0 104 

27 

9 

0 813 

208 

69 

0 265 

65 

22 

III 

0 783 

201 

0 060 

15 

7 5 

0 478 

123 

61 

0 245 

63 

31 5 

IV 

0 783 

201 

0 063 

10 

8 

0 550 

141 

70 

0 170 

44 

1 22 


causes. The tendency of alkali to cause potassium retention is 
less than the force which sodium exerts in causing the excretion of 
potassium. 

The retention is also remarkably constant. The body retains 
71 and 63 cc. of 0.1 n potassium in the normal periods, although 
this represents 24 and 31 per cent of the intake, respectively. 
The demand for potassium seems to be large; when smaller 
amounts are given, a greater percentage is retained. Acid feeding 
shows little effect on the retention of potassium — a diminution of 
only 8 per cent. In the alkali period, the potassium, instead of 
showing an increased retention, shows an actual diminution, only 
70 per cent of that in the normal period being retained. Albu 

Na 

and Neuberg state the ratio of ~ in the urine of an adult is 2.0 
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have an extremely large potassium intake in proportion to sodiiipa 
and that this proportion in the intake is maintained in the urine, 
but not in the stool. 


Phosphorus . — Probably next to calcium and in direct connec- 
tion with it, the metabolism of phosphorus has received the great- 
est attention. The phosphorus intake in infancy (Table VIII) 


TABLE VII 

The Ratios of ^ 
A 


Period 

Intake 

Exert 

Feces 

Jtion 

Urine 

Retention 

I 

0 60 


1 26 

0 65 

0 27 

II 

0 60 


1 18 

0 99 


III 

0 67 


0 73 

1 09 

2 0 

IV 

3 04 


1 75 

3 50 



TABLE VIII 


Phosphorus 







Excretion 



1 



Period 

Intake 







Retention 




1' eces 

Urine 






gm 

cr 

im 

cr 

ptr 

rent 

gm 

cr 

per 

ctni 

1 

gm i 

cr \ 

per 

cent 

I 

0 S04 

418 I 

0 21 

97 

80 

0 457 

256 

67 1 

0 137 

SO 

17 

II 

0 S04 

418 

0 14 

65 

17 

0 544 

320 

67 

0 120 

70 

16 

III 

0 505 

263 

0 143 

67 

28 

0 270| 

157 

53 5 

0 092 

1 63 

18 

IV 

0 505' 

263 

1 

I 0 ISO 

84 

36 

0 260 

150 

51 

0 065 

I 38 

13 


is large in order to meet the requirehients foi growing bone. Milk 
is especially rich in phosphorus. For a 70 kilo man, the intake 
would amount to 6.3 and 6 4 gm of phosphorus per day. Excre- 
tion is largely by way of the urine — m the normal periods 68.5 and 
65 per cent. That acid shifts the phosphorus from the stool to 
the urine is confirmed in our data; the phosphorus decreased 0.07 
gm. in the stool and increased 0.087 gm. in the urine. The per- 
centage of organic phosphorus in the stool we have arbitrarily, 
as the result of other experiments, calculated as 90 per cent of the 
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totel phosphorus. On this assumption, acid causes a decrease of 
32 cc. in the stool and an increase of 64 cc. in the urine. Under 
influence of alkali the change is very small, but opposite, less 
being excreted in the urine and more in the stool. 

The retention of phosphorus is very slightly diminished by both 
acid and alkali. The value of the phosphorus retained is difficult 
to estimate. Some must be stored as neutral phosphorus in phos- 
phatides, nucleoproteins, and phosphoproteins. In calculating 
the acid value to the body, this quantity should be subtracted. 
However, if it should be burned to PO4 and excreted, it would 
again assume its value as an acid in base balance. A satisfactory 
approximation would probably be 90 per cent of the value as acid 
when burned and 80 per cent when stored. 


TABLP^ IX 
Sulfur 


Period 

Intake 

Excietion 

Retention 




Feces 

j Urine 





gm 

cc 

gm 

cc 

per 

cent 

gm 

cc 

per 

cent 

gm 

cc 

per 

cent 

I 

0 400 

282 


10 

4 

0 241 
0 200 

130 

60 

0 146 


36 

II 

0 400 

212 


10 

4 

0 260 
0 214 

134 

65 

0 125 


31 

III 

0 2ol 

158 

0 014 

9 

5 

0 126 
0 153 

78 

57 

0 100 

71 

38 

IV 

0 251 

133 

0 019 

12 

8 

0 132 

S3 

62 

0 79 

38 

30 


Sulfur . — The sulfur values in our experiments seem large. 
For a 70 kilo adult, the intake would be 3.1 and 3 2 gm. of sulfur 
per day. Excretion is almost wholly })y the urine^ — 90 per cent. 
Acid and alkali increase the excretion slightly. Unfortunately, 
the analyses of the sulfur in the feces of the first two experiments 
were mislaid and arbitrary values have to be assigned. How- 
ever, the values of sulfur in the feces arc so small as to be practi- 
cally negligible. In Blauberg’s case they amounted only to 9 
and 6 cc., and in Peiser’s (2), to 8 cc. on breast milk. Retention 
is considerable, either as absolute or as percentage of intake, and 
varies inversely with excretion in the urine. It falls slightly when 
acid or alkali is given. 
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The acid value to be assigned to the sulfur stored is a problem 
similar to that of phosphorus, but concerns a larger amoimt. 
At least 50 per cent, probably more, of the sulfur stored is not 
neutralized by base. If the protein is calculated as 1 per cent 
sulfur, enough sulfur is retained for 8 to 10 gm. of protein, but since 
there are probably not more than 3 to 4 gm. of protein stored, 
half the sulfur can be utilized elsewhere. Chondroitin sulfuric 
acid and sulfatides also remove sulfur. What value shall be 
assigned to the remaining sulfur as SO 4 ? Bones, blood, and tissue 
juices contain very little. Probably 85 per cent of the total sul- 
fur has acid value as SO 4 when burned, and 25 per cent when 
stored. 

TABLE X. 

Chlorine. 


Period 

Intake 

Excretion 

Retention 



Feces 

Urine 





ffm \ 

1 

cc 

gm 

cc 

per 
cent ! 

gm. 

cc 

per 

cent 

gm 

cc 

per 

cent 

I 

0 788* 

222 

0 0135 

4 

2 

^ 1 

0 651 

184 

83 

0 1!^ 

32 

15 

II 

1 650 

464 

0 302 

85 

18 

1 615 

455 

96 

~0 267 

-75 

-16 

III 

0 545 

154 

0 0182 

5 

3 

0 454 

130 1 

85 

0 063 

18 

12 

IV 

! 0 545 

154 

0 0485 

14 

9 

0 528i 

148 

1 

97 

0 020 

-8 

-5 


Chlorine . — The intake of a 70 kilo adult, calculated from the 
figures in Table X, is 0.4 and 0.45 gm. of chlorine, or 6.5 to 7.5 
gm. of sodium chloride, which would be considered moderate. 
Excietion is almost wholly by the urine, in our experiments 98 
and 97 per cent. It is quite interesting and no doubt important, 
if confirmed, that when acid is given, chlorine may be excreted by 
the bowel. In Period II (acid) twenty times the normal is excreted 
— an actual increase of 80 cc. of 0.1 n Cl. When chlorine is given 
as HCl, practically all the intake is excreted in the urine. The 
bowel also excretes a large amount. The sum is a considerable 
negative balance of chlorine. Alkalies, also, cause an increase in 
the excretion of ctilorides in the urine and feces and change a 
positive balance to a small negative balance. 
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CONCLUSIONS. 

The effect of acids and alkalies upon mineral metabolism 
shows many interdependences. Comparison of the various ele- 
ments in terms of normal solutions is possible. Explanation is 
often obscure and until the facts have been firmly established do 
not warrant speculation. Each element is a problem in itself, 
but is also linked with the excretion and retention of others. 
The effect of acids and alkalies upon the elements studied can be 
summarized as follows: 

1. In the urine, HCl increases the excretion of ash, nitrogen, 
calcium, sodium, phosphorus, and chlorine. Potassium, magne- 
sium, and sulfur are not affected 

2. In the feces, HCl increases the excretion of ash, nitrogen, 
calcium, magnesium, and chlorine. Sodium and potassium are 
not affected. It decreases the phosphorus. 

3. In retention, HCl decreases ash, nitrogen, calciimi, magne- 
sium, sodium, potassium, phosphorus, sulfur, and chlorine. 

4. In the urine, NaHCOa increases the excretion of ash, nitro- 
gen, sodium, potassium, sulfur, and chlorine. It decreases cal- 
cium, megnesium, and phosphorus. 

5. In the feces, NaHCOa increases the excretion of ash, nitrogen, 
calcium, sodium, potassium, phosphorus, sulfur, and chlorine. 
It decreases magnesium. 

6. In retention, NaHCOa increases the magnesium and sodium. 
It decreases the ash, nitrogen, calcium, potassium, phosphorus, 
sulfur, and chlorine. 
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URINARY EXCRETION OF ORGANIC ACID AND ITS 
VARIATION WITH DIET. 
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The objects of this investigation were to determine the daily 
urinary excretion of organic acids by normal women on their 
customary diet, to see how the excretion of organic acid during 
the day while the subjects were engaged in their ordinary activi- 
ties differed from that during the night while the subjects rested, 
and also to find how diet affected the excretion of organic acids 
during the day. 


Review of the Literature, 

Until Van Slyke and Palmer reported (1) m 1920 their method of deter- 
mining the total organic acids of urine, the methods were too long to be 
used frequently for the determination of a factor of unknown importance. 
They showed that during the development of acidosis the increase in the 
total organic acids of the urine runs nearly parallel to the increase in 
acetone bodies, one of the factors commonly used for diagnosing the stage 
of advancement of acidosis 

Their results have since been confirmed by others Goiffon and Nepreux 
(2) found that, in general, in cases of acidosis the elimination of total 
organic acids in the urine was proportional to the elimination of /3-hydroxy- 
butyric acid, but that the curves showing rate of increase of each were 
less similar than they had been led to expect. They found cases in which 
there was increase in total organic acid excretion without simultaneous 
acetonuria; that is, they say, /3-hydroxy butyric acid is not the only factor 
in acidosis though it is the most frequently occurring and the most im- 
portant factor. Labb6, Bith, and Nepreux (3) approve of applying the 
method to a study of diabetic acidosis because in addition to showing 
increase in /8-hydroxybutyric-acid and acetoacetic acid it likewise takes 
into account lactic, butyric, succinic, propionic, capric, and other acids 
known to increase with the development of acidosis in a diabetic. Utheim 
(4), also using the Van Slyke^Palmer method for the determination of 
organic acid excretion, found that the urine of infants in a chronic con- 
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dition of extreme malnutrition showed most excessively high organic acid 
content compared with that of normal infants. This enormous excess, 
Utheim says, was certainly not due to acetone bodies nor lactic acid be- 
cause, as he points out, whereas most of the common fatty acids, particu- 
larly those of the fatty acid series, are soluble in ethsr, he found that 
only 20 per cent of the organic acid of the urine of these infants was ex- 
tractable with ether. Utheim attributed the increase as due largely to 
that of oxyproteic acids. The constitution of the oxyproteic acid fraction 
is not definitely known, but it is made up (5) of acidic substances precipi- 
table by mercuric acetate and having barium salts soluble in water and 
insoluble in alcohol Ginsberg says the oxyproteic acids may be poly- 
peptides because on hydrolysis they give amino-acids. Freund and Sitten- 
berger-Kraft (6) found that the amorphous barium salt, precipitated by 
alcohol, has no characteristic protein reactions and corresponded to an 
acid, C 10 H 22 O 10 N 2 . They thought it was probably a derivative of urea 
because it yielded this on hydrolysis. In contrast to Utheim's results on 
malnourished infants, Kohn (7), using von Furth’s method (8) for the 
determination of oxyproteic acids and working with adults in a condition 
of chronic undernutrition from lack of sufficient food, found that there 
was a decrease in oxyproteic acids in the urine 

These uses of organic acid determinations for the study of metabolism 
under abnormal conditions suggest their use for investigations of normal 
metabolic processes Labb6, Bith, and Nepreux (3), whose work on 
acidosis was referred to above, reported that in the course of their experi- 
ments they had found that changes in the diet effected changes in the 
elimination of total organic acid Organic acid decreased on fasting and 
on a diet including green legumes, fats produced little increase, but there 
was an increase with the feeding of meat No figures are given for these 
conclusions, but since corrections for organic bases were not made m 
their other determinations of organic acids, it seems that the increase on 
a meat diet may be due in part to the creatine of the food Blatherwick 
and Long (9) found that in two normal young women the drinking of 
large amounts of orange juice in addition to a constant, creatine-free, 
basal diet brought about marked increase in organic acid excretion, an 
increase which they explained as due to part of the citric acid of the food 
which was not oxidized but was eliminated as citrate They further re- 
ported that milk in which the organic acid content had been increased by 
inoculation with lactic acid bacteria to approximately 2 per cent, expressed 
as lactic acid, did not increase organic acid excretion above that found on 
a whole milk diet Which of the organic acids are increased or decreased 
with change in conditions and diet, to what extent the change takes place, 
and what effects the change, are still interesting problems for solution. 

Though little work has been done in the determination of total organic 
acids, many determinations have been made of individual organic acids 
in the urine, particularly in the study of certain diseases. The influence 
of diet on the output of a few of these acids has been determined to a 
limited extent. Acetone bodies, including /3-hydroxybutyric acid and 
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aoetoacetic acid, because of their strikingly increasing quantity in the 
urine in acidosis, have received much attention. According to the iS- 
oxidation theory (10), an increased elimination of these substances is 
brought about by conditions that interfere with normal oxidative processes. 
In normal persons a diet lacking in carbohydrates, or, with low carbo- 
hydrate, produces increased excretion of these acetone bodies (11). 

Amino-acid excretion, like that of acetone bodies, has been used in 
diagnosing the severity of diabetes mellitus and the increase explained as 
due to decreased oxidizing power of body cells. Increased protein inges- 
tion under such abnormal conditions causes high amino-acid excretion (12). 

Hippunc acid excretion in the urine of pellagrins, especially those on a 
corn-vegetable diet, was found to be two or three times as great as the 
quantity found in the urine of normal men on a mixed diet (13). Murlin 
says that ‘Since course vegetables contain, ^especially in the skins and raw 
fibers, salts of benzoic acid, he thought these might be set free in the intes- 
tines or that benzoic acid might be produced by the putrefaction of pro- 
teins in the presence of large quantities of carbohydrate Also, Kohn (7) 
found that the urine of chronically undernourished individuals showed 
much higher hippuric acid than that of normal individuals (2 9 per cent 
against 0 66 per cent) and she explained this as due, perhaps, to the vege- 
tarian diet of these undernourished individuals during the war. At least, 
an increase in hippunc acid excretion is indicated through the continued 
use of a diet low m adequate protein and high in coarse vegetables. 

Mathews (14) says “Probably no nitrogenous substance in the urine 
has been more studied than uric acid “ Its origin in the nucleoproteins 
of the food and of the body cells is well established and there seems to be 
agreement among investigators as to the composition of the intermediate 
products A diet high in nucleoproteins, such as one consisting largely 
of glandular organs, increases the uric acid output (15), but the quantity 
of uric acid excreted has been found to vary with other factors of the diet. 
Mendel and Stehle, in their review of the literature and in their own experi- 
ments (16), bring out many facts to support the theory that the quantity 
of uric acid excreted is influenced by the stimulating effect of foodstuffs 
on the digestive glands. Folin (1905), Mendel and Brown (1907), Smet- 
ankamares (1911), Lambling and Dubois (1914), Maurel (1914), and Taylor 
and Rose (1914) showed that there was increased output of uric acid fol- 
lowing ingestion of purine-free food Especially was this found to be 
true of high protein meals (17). Lewis, Dunn, and Doisy (18), finding 
that small quantities (10 gm ) of ammo-acids increased markedly the 
quantity of uric acid eliminated, put forward the theory that such in- 
creases were brought about through stimulation of cellular metabolism 
for they say the extent of nuclear breakdown necessary to account for 
the marked increase in uric acid in the urine would be far too great to be 
the result of stimulation of the cells of the digestive tract only. Lewis and 
Corley (19) found that fats and carbohydrates, in the amounts they fed, 
had no influence upon the excretion of uric acid 
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Amberg and McClure, who together with Mayer, have in many ways 
identified citric acid in the urine without actually isolating the pure com- 
pound, say r20) that considering the citric acid found in milk it is not 
strange to find it in the urine, but that feeding experil^ents of Salant and 
Wise and their own experiments with the administration of sodium citrate 
led them to believe it improbable that the citric acid in urine comes from 
that in food. Blatherwick and Long (9) thought that the increase in 
organic acid output following the drinking of large quantities of orange 
juice was due to unused acid of the food, but they do not report the identi- 
fication of the acid 

Clogne and Fiessinger (21) advocate the use of glucuronic acid output 
determinations as a test of liver function. They found that m normal 
individuals glucuronic acid was often present in the urine during the 
2nd hour after a meal, reached a maximum during the 3rd hour, and dis- 
appeared by the 4th hour after a meal accounting, thus, for its absence 
in some samples of urine Tollens and Stern (22) found that feeding 
normal persons on meat alone with very little carbohydrate in the diet 
had no apparent effect on the excretion of glucuronic acid 

Strisower (23) concluded that the amount of formic acid contained in 
normal urine is little influenced by either the diet or muscular activity 
Dakin, Janney, and Wakeman (24) think that formic acid is partly of 
endogenous origin, an end-product of the metabolism of carbohydrates, 
of fats, and of proteins 


EXPERIMENTAL WORK. 

Procedure, 

Eight students in the Nutrition Laboratory, six of whom were 
graduate students and the other two seniors in the Home Eco- 
nomics Department, served as subjects for this investigation. 
All were healthy women leading the ordinarj^ sedentary life of 
college students, spending much of their time in the laboratory. 
Each was asked to keep a daily record of her diet during the days 
of collection of urine, but no restrictions were placed on the diet 
except that nothing be eaten between the evening and morning 
meals. Three, or, in one case several, approximate!}^ 24 hour 
samples of urine were collected by each woman, night and day 
samples being kept separate. The bladder was emptied at a 
definite time on arising in the morning; urine passed between 
that time and a definite time just before going to bed at night 
constituted the day sample and was preserv^ed with toluene. 
Any urine passed during the night and that on arising in the 
morning constituted the night urine. Thus the night samples 
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were differentiated not merely on the basis of time as has usually 
been done, but by the fact that the subjects were in bed during 
the time covered, and then only. As soon as possible the next 
day, both samples were analyzed for organic acids and for cre- 
atinine. 

Methods. 

Organic acids were determined by the Van Slyke-Palmer 
method (1). If, while titrating, much foam was formed during 
the shaking required for thorough mixing, a drop or two of ether 
was added to lower the surface tension. It was found that in 
cases of night urines where the volume was much smaller than 
for a corresponding number of hours during the day slightly 
higher values were obtained if the urine was first diluted with 

TABLE I. 


Effect of Dilution on Total Organic Acid in Night Urine. 


Subject 

Date 

Duration 
of collection 

Volume 
of urine 

Organic acid per hr , 
uncorrccted 



If undiluted 

If diluted. 


im 

hrs 

cc 

cc 0 1 a 

cc 0.1 N 

M. L. 

Apr 12 

7 78 

227 

17.4 

17,7 

L. M 

Mar 30 

7 9 

282 

13 2 

13.4 

L M. 

“ 31 

8 3 

138 

16 9 

17 2 


an equal volume of water. This procedure was therefore followed 
with most night urines and other less dilute samples. A few 
results are given in Table I. Higher results were to be expected 
if the solution was not sufficiently diluted to be considered com- 
pletely ionized. 

It was thought that creatinine was the only organic base pres- 
ent in sufficient quantity to affect the results markedly and it 
was the only one determined in the first experiments. Folin’s 
niicrochemical method was used. 

Data and results obtained on the total organic acids are given 
in Table II. 


DISCUSSION OF DATA. 


Because the periods for collection of urine varied from 21 to 25 
hours, the quantities of creatinine and organic acids, determined 
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in the samples of urine for each period, were calculated for com- 
parison on the basis of a 24 hour period. The urine of eight 
normal women contained per day from 394 to 671 cc. of 0.1 n 
organic acids, uncorrected for organic bases. Blatherwick and 
Long (9), for two young women on creatine-free diet, obtained 
values of 499 and 548 cc. of 0.1 N acid. These values are com- 
parable with those found by Van Slyke and Palmer (1) for ten 

TABLE II 


Daily Urinary Organic Acid Excretion of Normal Women, 


Subject 

Weight 

Date 

Volume 

of 

urine 

Creati- 

Organic acid 

nine 

Uncor- 

rected 

Cor- 

rected 

Uncor- 

rected 

Cor- 

rected 


kg 

192S 

cc 

mj 

cc 0 t K 

cc 0 In 

cc 0 In 
per kg 

cc 0 1 N 
per kg 

L. M. 

52 3 

Feb. 12 

1,305 

1, 132 

505 

405 





“ 13 

1,555 

1,354 

571 

451 





18 

1,295 

1,074 

570 

476 





“ 20 

1,615 

1,110 

498 

392 





21 

1,335 

1, 187 

573 

468 





‘‘ 26 

1,604 

1,225 

515 

407 





Mar. 30 

2,425 

1,118 

473 

364 





Apr. 1 

2, 566 

1, 162 1 

490 

392 





Average 


1, 170 

524 

419 

10 0 

8 0 

G. B. 

54 

Average. 


1,070 

475 

380 

8 7 

6 9 

K. D. 

•64 



1,093 

455 

355 

7 1 

5 5 

E. F. 

58 1 

t< 


1,039 

394 

307 

6 8 

5 2 

R. G. 

62 3 

n 


1,196 

428 

324 

6 9 

5 2 

M. L 

69 9 

tt 


1, 553 

571 

443 

8 2 

6 3 

1. S. 

57 2 

u 


1, 103 

564 

462 

9 9 

8 1 

H. S. 

60 2 

ft 


1,209 

423 

317 

7 0 

5 3 

Average 

1, 180 

478 

376 

8 2 

6 3 


normal men. They obtained 412 to 748 cc. Goiffon and Ne- 
preux (2) got normal values of 300 to 450 and 500 cc. and Labb6, 
Bith, and Nepreux (3) say that, with the indicator used, the 
figures for 0.1 n organic acid range from 300 to 700 cc. per day. 
It will be noted that the range found for organic acids (uncor- 
rected) for these eight women is 6.8 to 10.0 cc. of 0.1 n acid per 
kilo of body weight with an average of 8.2 cc. per kilo. For their 
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normal young men, Van Slyke and Palmer obtained a range of 
5.7 to 9.7 cc., with an average value of 8.2 cc. per kilo of body 
weight. 

Variation in Urinary Organic Acids from Day to Day, 

The variation from day to day in organic acid excretion for a 
single individual was considerable though there was no striking 
difference in the daily consumption of food so far as kinds and 
amounts were concerned. The greatest difference shown was for 
subject I. S., with a difference between the highest and lowest 
values of 139 cc. of 0,1 n organic acid (corrected), a percentage 
difference of approximately 30 per cent. For one subject, K. D., 
the 3 days of this experiment formed the preperiod of a coefficient 
of digestibility experiment and the food for each day was weighed 
out so as to be the same on all days. Consisting of meat, pota- 
toes, bread, butter, milk, apples (477 gm.), and sugar, it con- 
tained 60.2 gm. of protein, 62.9 gm. of fat, and 241.2 gm. of 
carbohydrate and had an energy value of 1,772 calories. The 
average organic acid excretion for the 3 days was 355 cc. of 0.1 N 
acid (corrected) with a difference between the highest and lowest 
values of 80 cc., a percentage difference of approximately 23 
per cent. It is apparent that diet is not the only factor deter- 
mining organic acid excretion. 

Variation in Urinary Organic Acids with Day and Night, 

Day and night urines were analyzed separately because it 
was thought that to a large extent any immediate influence of 
muscular activity and to some degree the effect of diet were 
eliminated from metabolic processes involved during a night 
period limited to the time while the subject was in bed and be- 
ginning 3 to 5 hours after eating. The results are tabulated in 
Table III for comparison of day and night urines. 

On the average and in individual cases with one exception the 
organic acid excretion per hour was markedly higher during the 
day periods than during the night. In the exceptional case the 
results for the two periods were the same. However, this sub- 
ject unlike any of the others ate an apple just before going to 
bed the first night of the experiment and ate both an apple and 
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an orange the other two nights. This distinctly higher day 
excretion is contrary to the findings of Van Slyke and Palmer 
who say (1): There appears to be little difference between 
day and night periods in rate of organic acid excretion.^’ How- 
ever, the figures they give are for hospital cases and the 24 hour 
days were divided into two equal 12 hour periods, from 6 o’clock 
until 6 o’clock. If normal muscular and nervous activity and if 

TABLE III 


Day and Night Excretion of Organic Acids in the Urine. 


Subject 

Date 

Volume 
of urine 

Period 

Creatinine per hr 

Organip acid per hr 

Day 

Night 

Day 

Night 


19:S 

cc 

hr 8. 

mg 

mg 

cc 0 1 N 

cr 0 1 tf 

L. M 

Feb. 12 

915 

15 33 

48 


21 



“ 12 

390 

8 5 


46 


10 


13 

1,290 

15 67 

56 


21 



“ 13 

265 

8 5 


56 


12 


18 

215 

8 0 


43 


10 


“ 19 

1,080 

16 0 

46 


25 



20 

240 

7 75 


40 


10 


“ 21 

1,375 

16 25 

49 


19 



21 

365 

8 25 


44 


15 


22 

! 970 

15 75 

52 


22 



26 

537 

8 25 


53 


14 


27 

1,067 

15 75 

50 


19 



Average 



50 

47 

21 

I . . .... 

12 

G. B 

Average 



46 

43 

18 

13 

K D 

n 



47 

42 

17 

12 

E F. 

ti 



40 

43 

14 

12 

K G. 

n 



54 

45. 

16 

10 

M. L 

n 



61 

62 

22 

12 

I S 

n 



44 

45 

19 

19 

H S 

n 



53 

45 

15 

9 

Averace 

49 • 

47 

18 

12 


diet affect the organic acid excretion it was hardly to be expected 
that there would be similarity between these two night” pe- 
riods, the one that of normal individuals and covering a period of 
relative inactivity compared with that of their day, and, the other 
that of hospital cases with a night period beginning sooner after 
meals and differing comparatively little from the day period as 
far as muscular activity was concerned. 
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Effect of Diet on Urinary Organic Adde. 

Procedure , — By the analysis of many hourly samples of urine 
of one subject it was found that there was much more striking 
variance in organic acid excretion from hour to hour during the 
day than there was in the creatinine output. The subject was 
working in the laboratory most of each day so that it was thought 
that the greatest factor causing variation might be food. To 
find the effect of diet, experiments were carried on according to 
the following procedure. The same subject, a woman 5 ft. 
2.6 in. tall and weighing 52 kilos, was used throughout the experi- 
ments. In one series of experiments' eight or nine hourly samples 
of urine were collected on the experimental daj^s, the subject 
drinking about 200 cc. of water each hour and carrying on routine 
laboratory work throughout the day. Each day the first two 
to four samples of urine were collected before a weighed creatine- 
free meal was eaten. On each day of another series of experi- 
ments a sample of urine was collected before the subject ate a 
weighed creatine-free meal and then two 2 hour samples of urine 
were collected. During the days of the experunents the hourly 
excretion of total organic acids, corrected for creatinine, was 
determined by analyses of the samples of urine. LegaFs nitro- 
prusside test for acetone carried out repeatedly on the samples 
of urine did not give a positive reaction. Kothera’s modification 
of this test was applied to the first few cubic centimeters of dis- 
tillate from many samples of urine. The development of a 
faint lavender ring indicated traces of acetone. In no case was 
the reaction positive enough so that it might be considered worth 
while to determine acetone bodies or to feel that their presence 
interfered with the color determination of creatinine. 

Organic Ands tn Fasting Samples of Urine , — In twenty- 
three determinations on samples of urine collected during 
fasting the ‘^normal leveF' of total organic acid excretion for 
the subject was found to be variable within limits, with an 
average of 18 cc. of 0.1 n acid and a range of 15 to 24 cc. of 0.1 
N acid per hour. Though in all cases no food had been eaten 
for 12 to 15 hours this variance in organic acid output might be 
thought directly due, at least in part, to previous diet were it 
not that the organic acid content of the night urine, determined 



TABLE IV. 

Effect of Fruity Low Protein Diet on Urinary Excretion of Organic Acid, 


Date. 

Time 
of meal 

Time of 
collection. 

Volume. 

pH 

Creatinine 
per hr. 

Organic 
acid per hr., 
corrected. 

t9iS 


0 m 

cc 


mg. 

CC.O IH 

Mar. 28 

11 45 a.IQ. 

8 

94 

6 8-7.0 

55 

17 



9 

240 

6 8-7.0 

56 

15 



10 

212 

6 8 

51 

17 



11 

285 

6 8 

52 

15 



V m. 







12 

112 

6 8-7 0 

53 

16 



1 

420 

6 4 

50 

22 



2 

105 

6 6-0 8 

55 

22 



3 

208 

6 6 

55 

25 



4 

310 

6 4-6 6 

49 

25 



a m 





Mar. 30 

12.10 p m. 

9 

132 

5 0 

58 

18 



10 

474 

6 4 

52 

21 



11 

370 

6 6 

48 

19 



p tn 







12 

04 

5 0-5 2 

51 

22 



1 

220 

5 6-5 8 

47 

17 



2 

265 

5 6-5 8 

50 

23 



3 

165 

5 2 

52 

25 



4 ^ 

223 

5 0-5 2 

50 

23 



a m 



1 


Apr. 1 

11.55 a m. 

9 

208 

6 8-7 0 

58 

17 



10 

138 

6 8-7 0 

57 

17 



11 

370 

7 0 

55 

19 



p m 







12 

205 

7 0 

53 

15 



1 

192 

6 2-0 4 

48 

17 



2 

172 

6 2-6 4 

48 

21 



3 

206 

6 2-6 4 

52 

28 



4 

286 

6 OO 2 

49 

24 



5 

220 

5 2 

47 

21 



a m. 





June 25 

10.00 a.m. 

10 

200 


48 

17 



p m 







12 

318 


47 

20 



2 

72 


50 

26 



a m 





July 2 

9.00 a.m. 

9 

280 


49 

14 



11 

297 


49 

18 



p.m 





1 

1 

1 

237 


51 

25 


276 
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many times for this subject, was alwaj-^s lower, varying from 10 
to 15 cc. of 0.1 N acid per hour, corrected for creatinine. Either 
there is some stimulation of the cell on awaking or substances 
held in the tissues during the night are eliminated in the morning 
or else the activity of waking hours brings about a speeding up 
of processes. The last hypothesis would explain the highest 
results, those obtained on March 30. During that morning the 

TABLE V. 


Effect of Low Protein Diet on Urinary Excretion of Organic Acid. 


Date 

Time 
of meal. 

Time of 
collection 

Volume 

pH 

Creatinine 
per hr. 

Organic 
acid per hr., 
corrected. 

19SS 


a m. 

cc 


mg 

cc 0 i s 

May 19 

10.45 a.m. 

8 29 

159 / 

4 5 

61 

16 



9.31 

123 

5 3 

59 

16 



10 33 

168 

5 3 

60 

17 



11 33 

272 

5 3 

56 i 

17 



p m 







12 35 

59 

4 9 

59 

19 



1 35 

163 

4 5 

60 

18 



2 36 

302 

4 5 

57 

17 



3 36 

201 

4 5 

53 

15 



a m 




1 

June 18 

10.00 a.m. 

10 00 

463 


i 54 

20 



p m 







12 00 

627 


50 

23 



2 00 

235 


52 

22 



a m 





June 21 

9 00 a.m. 

9 00 

395 


48 

18 



11 00 

373 


47 

22 



V m 







1 00 

81 


45 

19 


subject attempted other work besides routine laboratory work 
and thus was forced to increased activity, especially during the 
hour just before noon. 

Content of Meals , — In our experiments three types of weighed 
meals were used. The composition and energy content of each 
meal was calculated, using Bulletin 28 of the Department of 
Agriculture. The first meals consisted of bread, butter, milk, 
and a salad of lettuce, apples, dates, and nuts with a mayon- 
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TABLE VI. 

Effect of High Protein Diet on Urinary Excretion of Organic Acid. 


Date. 

Time 
of meal 

Time of 
collection 

Volume 

pH 

Creatinine 
per hr. 

Organic 
acid per hr., 
corrected. 

ms 


a m 

cc 


mj 

cc 0 1 V 

Apr. 21 

10 30 a.m. 

7 42 

64 

6 45 

63 

18 



8 42 

220 

6 25 

59 

18 



9 45 

165 

6 25 

59 

20 



10 45 

295 

6 25 

58 

23 



11 49 

262 

5 9 

56 

29 



p m 







12 49 

140 

6 45 

61 

29 



1 49 

61 

6 8 

56 

26 



2 49 

110 

6 3 

57 

24 



3 49 

235 

6 0 

55 

25 



a m 





Apr. 28 

9 30 a m. 

8 23 

132 

5 0 

45 

16 



9 24 

232 

5 9 

54 

17 



10 24 

217 

6 0 

62 

24 



11 27 

345 

6 2 1 

60 

29 



p m 







12 27 

220 

6 4 

59 

33 



1 27 

61 

6 45 

56 

25 


I 

2 27 

187 

1 5 9 

53 

24 



3 27 

72 

5 3 

51 

21 



a 7n 





May 12 

10 00 a m 

7 57 

66 


55 

17 



8 57 

232 


58 

23 


1 

9 57 

363 


50 

24 



10 59 

126 


59 

26 



11 59 

161 


53 

26 



p m 







12 59 

1 50 


54 

29 



2 00 

253 


53 

30 



3 00 

160 


55 

24 



a m 





June 27 

9 00 a.m 

9 00 

537 


51 

18 



11 00 

318 


50 

23 



p m 







1.00 

190 


52 

24 



a m 





June 29 

9 00 a.m. 

9 00 

310 


48 

17 



11 00 

328 


48 

23 



P m 







1 00 

196 


48 

26 
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naise dressing. Each contained 20.8 gm. of protein, 70.6 gm. of 
fat, and 125.5 gm. of carbohydrate and had an energy value of 
approximately 1,220 calories. About 60 per cent of the carbo- 
hydrate content was from fruit, indicating relatively high organic 
acid in the food. Fruit was excluded from the second type of 



6 9 10 11 12 1 2 3 4 

Of^anic acid — cpeatlnine 


Fig. 1. 

meal which contained approximately the same weights of^protein, 
fat, and carbohydrate. It consisted of bread, butter, a glass of 
milk, and a cream pudding thickened with flour. The third 
type of meal was high in protein and consisted of bread, butter, 
milk, eggs, cottage cheese, and nuts or peanut butter. The 
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quantity of protein varied from 54 gm. on 1 day to 68 or 69 gm. 
on 4 days with a variation in energy content from 775 to 1,040 
calories. See Tables IV, V, and VI, and Fig. 1. 

DISCUSSIOxV OF DAtA. 

After the low protein, non-fruit diets the increase in organic 
acid excretion was small; that is, if organic acids were formed 
as products of the intermediate metabolism of 20 gm. of protein, 
72 gm. of fat, and 125 gm. of carbohydrate, oxidation of most 
of them was effected before elimination from the body. After 
the fruit salad meals and also after the high protein meals dis- 
tinct increase in organic acid excretion resulted. The effects 
are especially pronounced when comparison is made with the 
creatinine excretions calculated in cubic centimeters of 0.1 M 
solutions. The effect of the high fruit diets reached a maximum 
in 3 hours. The period of maximum effect of the high protein 
diets varied from 2 to 4 hours, depending perhaps upon the 
energy" content of the meal and state of division of the food. 

Comparison of Effect of Diet and Effect of Activity. 

The increase in urinary organic acid excretion due to high 
fruit or high protein diets was, likewise, marked when compared 
with the variation found earlier in the day before food was eaten. 
Though the volume of O.l n organic acid (corrected for creatinine) 
in hourly samples of urine collected while the subject fasted 
varied from 15 to 24 cc. still after diets high in fruit or in protein 
the volume of 0.1 N organic acid rose to 28 to 30 or to 33 cc. 
That is, in some cases, due to diet, the quantity of organic acids 
eliminated in the urine per hour was nearly doubled. 

The hourly excretion of organic acids during the night for this 
subject varied from 10 to 15 cc. of 0.1 n acid. The difference 
between this and the output while fasting and working when 
compared with the difference between the fasting level and the 
maximum hourly excretion after a high fruit or a high protein 
diet shows that such diets affect the rate of elimination of organic 
acids to approximately the same extent as does ordinary activity. 
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Individual Adds Affecting Total Organic Add Excretion, 

What acids constituted this increase was a question. Cal- 
•dilations made from figures given in the literature for average 
urinary excretion of special organic acids indicated that the 
acids likely to be present in the greatest amount, calculated in, 
terms of a normal solution, were uric, amino-, hippuric, and citric 
acids. Taylor and Rose (17) and Lewis and Corley (19) found 
that uric acid elimination was increased by protein feeding while 
fat and carbohydrate in the amounts consumed, amounts com- 
parable with those of the experiment here reported, had no effect 
on uric acid output. 

Unc and Amino-Acids . — To determine what fractions of the 
organic acid output and what fractions of the increase in organic 
acid output were due to uric acid and to amino-acid these factors 
were determined in fasting samples of urine and in the two 2 
hour samples of urine collected after eating each of the three 
types of meals used in our experiments. A Folin colorimetric 
method was used for each (25). 

After the low protein meals uric acid output remained about 
the same as it was before eating or decreased as it has been found 
to do in the morning hours during fasting (19). After fruit salad 
meals and also after high protein meals, uric acid output was 
increased. It seems that some substances present in fruit may, 
like products of protein digestion, stimulate the metabolic proc- 
esses that bring about production of uric acid as an end-product, 
as they did for total organic acids. On 1 day (3rd day of that 
series) when a high protein meal was eaten, uric acid w^as deter- 
mined hourly and found to increase at about the same rate as 
total organic acids, but whereas the total organic acids continued 
to increase for about 4 hours uric acid output reached a maximum 
in 2 to 3 hours. 

After the low protein, non-fruit meal no apparent change was 
produced in amino-acid elimination. There was slight increase 
after the fruit salad meals and a more marked increase after the 
high protein meals. However, if for purposes of calculation, 
the amino-acids are considered to be monoamino-monocarbox\ lie 
acids and the quantities present in the urine were calculated in 
cubic centimeters of 0.1 n solution, amino-acid elimination was 
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found to be very low in all cases. And, especially, as only 40 
per cent is titrated in the Van Slyke-Palmer method, amino- 
acids formed a small fraction of the total organic acids deter- 
mined in the urine. 


TABLE VII 

Urinary Excretion per Hour of Organic Acids and Bases, 
Variation with Diet, 


Date, 1923 

June 

18 

June 

21 

June 

25 

July 

2 

June 

27 

June 

29 

Diet 

Low 

protein. 

19 gm 
protein 

Fruit 1 
salad 

21 gm 
protein 

High 

protein 

69 gm 
protein 

Fasting. 

Organic acid (uncorrected), cc 0 1 n 

25 

22 1 

21 ! 

18 

23 

21 

Creatinine, cc. 0 1 m 

4 7 

4 3 

4 2 

4 3 

4 5 

4 2 

Creatine,* titrated, cc 0 1 u 

0 5 

0 2 

0 2 

0 3 

0 2 

0 2 

Uric acid,t cc 0 f n 

3 2 

3 0 

2 6 

3 1 

4 1 

4 2 

Amino-acid,t titrated, cc. 0 f n 


1 3 

0 9 

0 9 

1 4 

1 4 

First sample after eating 

Organic acid (uncorrected), cc 0 f n 

28 

26 

25 

23 

27 

27 

Creatinine, cc 0 1 u 

4 4 

4 1 

4 2 

4 3 

4 4 

4 2 

Creatine,* titrated, cc 0 1 u 

0 5 

0 2 

0 2 

0 3 

0 4 

0 4 

Uric acid,t cc 0 f n 

2 9 

3 1 

3 6 

4 3 

4 5 

4 7 

Ammo-acid, t titrated, cc. 0 1 n 


1 4 

1 1 3 

1 1 

2 1 

1 6 

Second sample after eating 

Organic acid (uncorrected), cc 0 1 n 

27 

23 

30 

29 

29 

30 

Creatinine, cc 0 1 u 

4 6 

4 0 

4 4 

4 5 

4 () 

4 3 

Creatine,* titrated, cc 0 1m 

0 4 

0 6 

0 3 

0 2 

0 5 

0 5 

Uric acid,t cc. 0 1 n 

2 5 

3 1 

2 7 

4 8 

5 1 

5 1 

Amino-acid,t titrated, cc. 0 1 n... 


1 4l 

1 0 

1 1 

2 2 

1 6 


* Volume, calculated from weight determined, was multiplied by 0 60, 
the fraction of it titrated in the Van Slyke-Palmer method 
t Volume calculated, considering uric acid as a tnbasic acid 
t Volume, calculated from weight of amino-acid nitrogen determined, 
multiplied by 0 40, the fraction titrated For calculation, acids were 
considered as monoamino-monocarboxylic acids. 

Inspection of Table VII makes it evident that in the fraction 
of urine titrated in the Van Slyke-Palmer method, creatinine 
and uric acid are important factors, that, at least in one subject, 
creatine is not to be disregarded, and that when one considers 
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the great nximber of individual organic acids present, amino- 
acids account for a fraction that must be considered since the 
portion of it titrated composes more than 5 per cent of the total 
volume titrated. These four compounds make up one-third to 
one-half of the organic acids and bases titrated in these experi- 
ments. 

SUMMARY. 

1. The daily urinary excretion of organic acid by eight normal 
women on their customary diets was determined by the Van 
Slyke-Palmer titration method. The values obtained, 6.8 to 
10.0 cc. (un corrected) of 0.1 n acid per kilo per day, were the 
same as those found for men by other investigators. 

2. The variation from day to day in organic acid output was 
considerable even when the diet was constant. 

3. Day periods when the subjects were engaged in their cus- 
tomary activities showed much greater excretion of organic 
acid per hour than did night periods limited to the time that 
the subjects spent in bed. 

4. The hourly excretion of organic acids during fasting varied 
from 15 to 24 cc. of 0.1 n acid. 

5. A high calory meal in which only 6 to 7 per cent of its energy 
content was due to protein had little effect on organic acid ex- 
cretion. 

6 Diets high in fruit or in protein cause markedly increased 
organic acid elimination. This increase is comparable with that 
produced by the activities of the day time. 

7. Uric acid excretion was found to be increased by the same 
factors in the diet as those affecting total organic acid excretion. 

8. Ocatinine, creatine, uric acid, and amino-acids make up 
one-third to one-half of the quantity of organic acids and bases 
titrated in the Van Slyke-Palmer method. 
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SOME OBSERVATIONS ON THE CREATININE EXCRE- 
TION OF WOMEN. 

bt LAURA McLaughlin and Katharine blunt. 

{From the Nutrition Laboratory of the Department of Home Economics of the 
University of Chicago, Chicago.) 

(Received for publication, September 7, 1923.) 

During the course of experiments on the urinary excretion of 
organic acid by women (1^ creatinine determinations were made. 
The data show the daily creatinine excretion of eight normal 
women. 


Review of the Literature. 

Folin’s colorimetric method for creatinine has been used for 
almost 20 years so that many data have been collected. The 
creatinine excretion of individuals has been found to be “constant” 
so that some experimenters now use it in the determination of other 
components of the urine, where the time interval for collection is 
short, as a measure of the completeness of the empt3dng of the 
bladder. So confirmed are many investigators in their belief that 
muscular development, tonus, or efficiency is the most important 
factor in determining creatinine output that the creatinine co- 
eflicient (creatinine excretion expressed in milligrams of creatinine 
nitrogen per kilo of body weight) has been suggested as a measure 
of muscular development. Shaffer (2) in 1908 calculated for 
comparison with his own, data given by Folin, van Hoogenhuyze 
and Verploegh, Clossen, Osterberg and Wolf, and Klercker for the 
average daily excretion of normal men and found that the creati- 
nine coefficient varied from 5.4 to 11.7 mg. These he takes as nor- 
mal limits, but says that he believes that coefficients below 7 mg. 
are found only in abnormal cases such as elderly, excessively 
fat or inactive, poorly developed subjects. Creatinine coefficients 
for women reported in the literature are tabulated in Table I. 
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It is not surprising to find such a wide range for creatinine 
coefficients among normal subjects when one considers that the 
daily creatinine excretion for a single individual varies within 
limits showing a percentage difference frequently of more than 
25 per cent. The term ^^constant^^ excretion is a relative one 
applicable, for instance, for comparison with other urine com- 
ponents, such as urea or even total organic acids. The hourly 
excretion of creatinine has been found to be variable to about the 


TABLE I 

Creatinine Excretion of Normal Women. 


No of 
subjects 

Creatinine coefficients * 

Investigator 

Minimum 

Maximum 

Average 

2 

7 7 

8 3 

8 0 

Shaffer (2). 

3 

4 8 

7 4 

5 8 

Krause (3). 

9 

5 2 

8 2 < 

6 7 

Palmer, Means, and Gamble (4). 

26 

3 5 

9 8 

5 8 

Tracy and Clark (5). 

6 

4 3 

5 6 

4 9 

Hull (6) 

3 

3 9 

5 0 

4 5 

" (6). 

2 

5 2 

7 9 

6 1 

Denis and Minot (7). 

2 

6 7 

8 1 

7 4 

Rose, Dimmitt, and Bartlett (8) 

2 

6 7 

1 6 9 

6 8 

Stearns and Lewis (9). 

10 

6 3 

9 8 

8 0 

Dye (10). 


* In order to express all results m rng of creatinine N per kilo of body 
weight, recalculations were made by the authors from data given by 
investigators. 


same extent as the daily excretion. Klercker (11), for example, 
found it to vary on single days in one individual from 60 to 76 mg. 
and from 68 to 83 ing. per hour and Neuwirth (12), fasting during 
the days of his experiments, showed variations on single days from 
41 to 59 mg., 54 to 67 mg., and 50 to 81 mg per hour. That changes 
in muscular tonus from day to day or hour to hour can bring about 
such marked difference in creatinine excretion in a single indi- 
vidual hardly seems plausible. Schulz (13), from his experiments, 
concludes that muscular activity increases the amount of creati- 
nine eliminated during the period of work, though it does not affect 
the total daily output. Campbell and Webster (14) found a dis- 
tinct increase in creatinine after muscular activity only when 
the strain was severe so that they could explain it as due to damage 
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to the protoplasm. Van Hoogenhuyze and Verploegh (15), like- 
wise, found that strenuous work did not affect creatinine excretion, 
but concluded that an increased elimination took place when the 
body was forced to live at the cost of its own tissues. According 
to Weinberg (16) muscular tonus is not even an important factor. 
Using as subjects hospital patients with normal muscular tonus 
and no disease thought to affect creatinine metabolism, he found 
extremely low creatinine coefficients, varying from 2.1 to 3.0 mg. 
Patients with increased muscular tonus and two with hypotonic 
muscles, each gave an average coefficient of 4.3 mg., indicating 
that muscular tonus was not the determining factor. Subjects 
from an insane hospital, chosen because they were cases with 
preoccupied or diffused consciousnespi showed higher creatinine 
coefficients, varying from 4.3 to 6.6 mg. Weinberg says that 
previous investigators got high values for normal subjects because 
these subjects were students and so continuously preoccupied. 
His theory is that the mind affects creatinine excretion. What, 
then, determines creatinine excretion, it seems, is not yet settled. 
Comparison of day and night excretion does not show consistent 
results in all cases and comparison of the results of various investi- 
gators is difficult because of differences of method of limiting the 
time for the collection of night urine. Our results add a few figures. 

EXPERIMENTAL WORK. 

Procedure, 

Creatinine was determined by the Folin method (17). The 
creatinine used as standards was obtained from the Special Chemi- 
cals Company, Highland Park, Illinois. The picric acid was puri- 
fied by the method of Folin and Doisy (18). The tables for or- 
ganic acid excretion show the creatinine excretion of these normal 
women. Averages are repeated in Table II and creatinine coeffi- 
cients are given. 

DISCUSSION OF DATA. 

Attention is called to the creatinine coefficients with a range 
of 6.3 to 9.6 mg. of creatinine nitrogen per kilo of body weight 
and an average of 7.5 mg. The range Dye obtained for subjects 
living imder the same conditions as our subjects was practically 
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the same, 6.3 to 9.8 mg.; her average was slightly higher, 8.0 mg. 
for her group of ten women. The range found is well within that 
calculated by Shaffer from his own data and that of many other 
investigators working with inen. The variations for the different 
women are in accord with what might be expected on the basis 
of the theory that creatinine output varies with the mass of active 
protoplasmic tissue. K. D. and E. F., the shortest women and 
also with the greatest fat deposits, as indicated by appearance 
and positive deviation from the standard weight, also showed 
the lowest creatinine coefficients. It was especially interesting 
to compare G. B., R. G., and H. S. who show nearly the same 

TABLE 11 


Daily Excretion oj Creatinine in Urine of Normal Women. 


Subject 

Weight. 

Deviatiou from 
standard weight • 

Creatinine 

Creatinine N 
per kg. 



per cent j 

mg 

mg 

G B. 

54 9 

-5 7 

1,077 

7 3 

K D. 

64 0 

-hl2 6 

1,093 

6 3 

E, F. 

58 1 

+7 4 

1,039 

6 8 

R G 

62 3 

-4 9 

1,196 

7.1 

M. L. 

69 9 

+5 3 

1,553 

9 6 

L. M. 

52 3 

-9 4 

1,170 

8.4 

I. S. 

57 2 

+5 0 

1,103 

7 2 

H. S. 

60 2 

-4-6 0 

1,209 

7 0 

Average 

7 5 


* Standard of life insurance companies published in the Medico- Actu- 
arial Mortality Investigation, 1912, i, 66; reproduced in Blunt, K., and 
Bauer, V., J. Home Ecoaom , 1922, xiv, 1. 


coefldcient. H. S. was the most vigorous of the three, but this 
characteristic was counterbalanced by her being a few per cent 
overweight, while the other two were a few per cent underweight 
judged by life insurance standards. M. L., the largest woman, 
produced the greatest quantity of creatinine and her higher 
creatinine coefficient may be explained by the fact that she was 
an especially active, vigorous woman in the best physical con- 
dition. L. M., the other subject with a high creatinine coeffi- 
cient was 9 per cent under the standard weight, a deviation 
from the standard greater than that of any of the others in the 
group. Underweight, in this case, may indicate only absence of the 
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usual fat deposits in the body and if so, a relatively high creatinine 
excretion was to be expected because of the higher percentage of 
active cells. 

In order to study the relation between underweight and creati- 
nine excretion ten young women, who were 15 or more per cent 
underweight, were used as subjects. Two samples of the night 
urine of each subject were analyzed within a few hours after 
collection. Night urine was defined in the same way as for the 
normal women used in the experiments. No food was eaten 
after the evening meal. The bladder was emptied just before 
going to bed and the urine collected up to the time of and including 
that on arising in the morning. Though LegaFs nitroprusside 
test was applied to each sample of urine no positive test for ace- 
tone bodies was obtained. The creatinine coeflicient for under- 
weight women appears to be much higher than for normal women; 
in most of the cases studied the value found was above the range 
indicated for normal women. « 

Comparison of the day and night excretions of creatinine per 
hour shows no constant difference. For five subjects the average 
for day excretion was slightly higher whereas the reverse was true 
for three individuals. The average for all was 49 mg. of creatinine 
per hour by day and 47 mg, per hour hy night. 

The hourly creatinine output for one subject was determined 
for 8 hours on 7 days and plotted on the same scale as that used for 
organic acids. On these curves the creatinine output appears 
constant through the day, but when the figures for this excretion 
are compared with each other a fluctuation is quite marked from 
hour to hour through the day. A percentage difference between 
the minimunr^ and maximum results for 8 hours of a day of from 
13 to 21 pe> cent seems considerable. In our data incomplete 
emptying of i^e bladder is not indicated in the low creatinine 
values for th^ are not preceded nor followed by especially high 
values. The ierm, “constancy of creatinine output, as applied 
to hourly, or that matter to daily, samples of urine is a very 
relative term. ^ 

. Creatiiie, —U our experiments creatine was determined in 
hourly samples of urine during 3 days and in bihourly samples 
of 6 days, using Folin's colorimetric method (17). Though no 
creatine was found the 1st hour of 1 day, quantities varying from 
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4 to 24 mg. per hour were found to be excreted during the other 
hours of that day and of the other 8 days when tests were made. 
The results obtained in this series of experiments indicate no 
relation between high protein diet and creatine excretion. 

SUMMAKY. 

1. The range for the creatinine coeflBicients of the normal women 
subjects was found to be well within the range found by Shaffer 
for men. Little difference was shown between the average day 
and the average night excretion of creatinine. The creatinine 
excretion of underweight women is greater than that of normal 
women. 

2. Creatine was found to be an almost constant compohent 
of the day mine of one healthy woman. 
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UNIFORMITY IN INVERTASE ACTION.* 

By J. M nelson and FRANKLIN HOLLANDER. 

{From the Department of Chemistry , Columbia Unxversitijy New York.) 

(Received for publication, September 18, 1923.) 

In their paper on ^^Uniformity in invertase action/' Nelson 
and Hitchcock (1) found that six out of eight preparations of 
invertase studied, showed a unifonn behavior with respect to 
the rate of inversion of a 10 per cent sucrose solution. In other 
words, the hydrolysis in each case conformed to the same em- 
pirical equation, involving time and per cent hydrolyzed. These 
six were Preparations 1, 2, 7, 8, A, and B. The remaining two, 
Nos. 3 and 6, showed a progressive decrease in velocity. Not 
only did these two differ from the majority but also from each 
other, and because of their apparent irregularity the authors 
termed them '^abnormal" preparations. 

A similar case of abnormality has been described recently by 
Willstatter, Graser, and Kuhn (2). They observed that all 
but one of several ver>’^ active preparations gave the usual in- 
creasing monomolecular velocity constants during the course 
of the hydrolysis. This one, Preparation 1, gave practically 
constant coefficients under the same conditions. 

Nelson and Hitchcock, and also Willstatter and his associates 
were of the opinion that the abnormality could hardly be due to 
an inactivation^ of the enz 3 une occurring during the process of 
hydrolysis. The basis for this conclusion was the same in both 
cases: when the abnormal invertase preparation was permitted 
to remain in the constant temperature bath for the same length 
of time as that over which the hydrolysis was followed, no ap- 
preciable loss in activity was found to have occurred. 

* Published as Contribution No. 427 from the Department of Chemistry, 
Columbia University. 

' The term inactivation as used here refers specifically to the progressive 
loss of activity which invertase manifests on standing, especially at higher 
temperatures and acidities. 
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These experiments, however, do not take into account the 
possible influence of the hydrogen ion concentration on the rate 
of inactivation. That this factor is an extremely important 
one has been shown by O’Sullivan and Tompson (3), Hudson and 
Paine (4), and by von Euler and Laurin (5). Due to this omis- 
sion the conclusion reached, that abnormality could not be due 
to inactivation, becomes questionable. The present paper, 
therefore, deals chiefly with a reexamination of this point. 

The attempted inactivation of Preparation 3 by Nelson and 
Hitchcock was carried out at pH 5.8, without the addition of 
a buffer mixture. Since the abnormality was observed in the 
course of a hydrolysis at pH 4.5, it seemed more logical to the 
present investigators to look for inactivation in the neighborhood 
of this latter acidity. Under these conditions, a loss of activity 
was actually found to occur. In addition to Preparation 3, Nos. 
6b, 7, and 8 were also studied ; the two latter being normal prep- 
arations as shown by Nelson and Hitchcock. Unfortunately, 
none of No. 6 (one of the two original abnormal preparations 
of these authors) was available, and so No. 6b, No. 6 which had 
been dialyzed, was used instead of it. 

Briefly, the procedure employed was as follows: Enough of a 
citrate buffer solution yielding the desired pH was added to the 
enzyme solution so as to be present in 0.01 m concentration. 
At the end of each of the indicated time intervals after mixing, a 
sample of this incubation mixture was withdrawn and added to 
a sucrose-buffer solution, such that the resulting hydrolysis 
mixture contained 10 per cent sucrose and buffer in 0.01 m con- 
centration at a pH of about 4.8 at 25®C. Under these condi- 
tions the empirical equation of Nelson and Hitchcock 


n 


t == 


log 100 

(100 - p) 


-f 0 002642 7? - 0 00000S86 - 0 0000001034 p» 


is applicable. Taking three samples during the course of each 
hydrolysis, it is possible to calculate w, the velocity coefficient in 
the above relation. In this way, the activity at any time is 
determined as the average of three values of n, thus increasing 
the certainty of the results. The experimental details are given 
in the next section. Duplicate experiments were entirely in- 
dependent. 
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Table I contains a summary of these experiments; the more 
detailed data are given in Table VI. As was anticipated, the 
two normal preparations show no decrease in n and, therefore, 
no loss of activity whatever during the period of inctibation. 
Nos. 3 and 6b, however, show decreases of 1.1 and 2.7 per cent, 
respectively, during the 5 hour period, the length of time over 


TABLE I 


Experiment 

No. 

Invertase 

No 

Inactivation 

time 

Varied 

condition. 

n X 10» 

Inactivated. 



kra 

pH 


per cent 

18a 

7 

0 

4 8 

823 


b 


5 


820 

0 4 

2b 

8 

2 

4.6 

988 


d 


6 


988 

0 0 

69a 

3 

0 

4 9 

840 


b 


5 


831 

1 I 

70a 

3 

0 1 

4 9 

840 


b 


5 


831 

1 1 

71a 

6B 

0 

4 9 

72 7 


b 


5 


70.7 

2 7 

72a 

6B 

0 

4 9 

72 7 


b 


5 


70 7 

2 7 

63a 

3 

0 

-f Invert sugar 

801 


b 


5 

4 9 

786 

1 9 

64a 

3 

0 

-f-Inveit sugar 

802 


b 


5 

4 9 

787 

1 0 


which the original abnormal hydrolyses were followed. Such 
an inactivation occurring during the course of a hydrolysis would 
obviously manifest itself by progressively decreasing velocity 
constants. It has been claimed by O^Sullivan and Tompson (3) 
and by Hudson and Paine (4) that both sucrose and fructose 
can exert a protective action on this inactivation, although its 
extent varies with the pH and tlie concentration of added car- 
bohydrate. In view of this it becomes necessary to show that 
the sugars present during the hydrolysis are not able completely 
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to stabilize Preparation 3 over this period. Otherwise there 
remains the possibility of the observed decrease in n being due 
to some other cause, in spite of the inactivation which occurs in 
the absfence of the sugars. Accordingly, Experiments 69 and 70 
(Table I) were repeated with this modification, that invert sugar 
was present in the buffer solution before the invertase was added 
to give the incubation mixture. The concentration of invert 
sugar after completed inversion was approximately the same as 


TABLE II 


Experi- 

ment 

No 

Invertase 

No 

Inacti- 

vation 

time 

Varied conditions 

nX10« 

Inacti- 

vation. 



hrs 



j}er cent 

22a j 

3 

0 

-j- Boiled preparation No 8 

856 

0 0 

b 


5 


856 

0 0 

47a 

6B 

0 

+ Boiled preparation No 8. 

76 2 


b 


5 


74 1 1 

2 8 

48a 

6B 

0 

+ Boiled preparation No S. 

76 0 


b 


5 


74 1 

2 5 

23a 

3 

0 

+0 02 M NaCl 

790 


b 


5 


791 

0 0 

43a 

6B 

0 

+0 1 M NaCl 

75 8 


b 


5 


72 6 

4 2 

44a 

6B 

0 

+0 1 M NaCl. 

76 1 


b 


5 


72 4 

4 9 


that occurring in the hydrolyses described by Nelson and Hitch- 
cock. A comparison of Experiments 03 and 64 with Nos. 69 
and 70 indicates the absence of any such protective action. 

With respect to the influence of added substances, Nelson and 
Hitchcock found that they were able to vary the degree of ab- 
normality in the following ways: (1) by the addition of invertase 
which had been inactivated by boiling, and (2) by the addition 
of sodium chloride. If, now, inactivation is the cause of ab- 
nonnality, then it should be similarly affected by these substances. 
This was found to be so. The results of these experiments are 
given in Table II while Table III contains a summary of the 
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observations of Nelson and Hitchcock. It must be remembered 
here that 0.7 per cent was arbitrarily fixed by these investigators 
as a boundary value of the A. D.* for the distinction of normal 
and abnormal preparations. 

The procedure was the same as that described above except 
that in each case the indicated stabilizing agent was mixed with 
the buffer solution before the addition of the invertase. The 
inactivation of the added yeast extract was accomplished as 

TABLE III. 


A Summary of Nelson and Hitchcock's Experiments mth Abnormal Invertase, 


Experiment 

No 

(Nelson 

and 

Hitchcock) 

Invertase 

preparation 

No 

Invertase 
per 100 cc 
of 

solution 

Varied condition. 

A D 

12 

3 S 

cc 

1 905 

None. 

per cent 

1 4 

17 i 

6 ! 

10 45 


1 9 

20 

7 1 

3 60 

it 

0 56* 

22 

6B 

16 

Dialyzed and diluted. 

1 8 

25 

3 

1 905 

-f 10 cc of boiled invertase 8. 

0 34* 

26 

3 

1 943 

-flO '' 8. 

0 40 

35 

6 

10 45 

+10 ‘‘ “ 8 

1.4 

44 

3 

1 905 

^ +0 02 M NaCl 

0 71* 

42 

3 

1 905 

+0 1 ‘‘ 

0 46* 

48 

6 

10 45 

+0.1 

1.7 

58 

3 

0 5 

Concentration of invertase 

2.7 

54 

3 

3 0 

a u 

0 74 

56 

3 

6 0 

1 

if i( u 

0 67* 


“^These hydrolyses are normal since the boundary A D value set for the 
distinction of normal and abnormal preparations by Nelson and Hitchcock 
18 0 70 per cent. 


described by Nelson and Hitchcock; namely, by boiling until 
the solution no longer showed any hydrolyzing power, the loss 
of water by evaporation being corrected for before using. 

It is evident from Experiment 22 (Table II) that Preparation 
3, which was normalized by the addition of 10 cc. of boiled No. 8 
(Nelson and Hitchcock, Experiments 25 and 26), is also completely 
stabilized by it during the 5 hour incubation period. On the 

* A. D. has its usual significance in the theory of errors; it represents 
the average percentage deviation from the mean of the series of n values 
for any one hydrolj'^sis. ^ 
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other hand, with Preparation 6 which was but slightly, if at all, 
normalized (Nelson ^nd Hitchcock, Experiment 35), there was a 
corresponding failure of protection against inactivation as shown 
by Experiments 47 and 48, although they were performed with 
the enzyme solution after further dialysis. Exactly the same 
parallelism between the two phenomena occurs with respect 
to the influence of salt, as becomes evident from a comparison 
of Experiments 42 and 44 (Table III) with No. 23 (Table II) 
for Preparation 3, and Experiment 48 (Table III) with Nos. 
43 and 44 (Table II) for No. 6. 

An observation similar to the above has been reported by 
von E^iler and Laurin (5) who found that a boiled invertase solu- 
tion could inhibit the inactivation of an unboiled one from the 
same source. But when the influence of an inactivated bottom 
yeast extract on a solution from top yeast was investigated, it 
w^as found to be nil. With respect to the stabilizing action of 
sodium chloride on invertase, no reference could be found in the 
literature, although Willstatter and his coworkers (2) have ob- 
served such an effect with calcium chloride. Amylase and ptya- 
lin, however, have been investigated with respect to sodium chlo- 
ride protection by Ernstrom (6). While salt had a very marked 
stabilizing action on the latter, so high a concentration as 0.09 m 
had no appreciable influence on the former. In the case of ptya- 
lin, the effect increases rapidly with concentration of sodium 
chloride to a maximum at 0.1 m and then falls oft slowly. That 
this distinction between the two enzymes is fundamental is open 
to question, in view of the fact that different preparations of 
the same enzyme can, as shown here with invertase, react dif- 
ferently in this respect. 

In addition to the nonnalizing action exerted by sodium chlo- 
ride and by yeast gum, the variation of degree of abnormality 
with enzyme concentration was also determined by Nelson and 
Hitchcock. Examination of the results of their Experiments 
58, 12, 54, and 56 reveals the fact that the magnitude of the A. D. 
decreases with increased concentration of invertase. The values 
range from 2.7 per cent with 0.5 cc. of enzyme solution per 100 cc. 
of hydrolyzing mixture, to 0.67 per cent with 6 cc. per 100 cc. 
In the latter case, the A. D. is actually reduced to a value less 
than that set for the distinction of normal and abnormal prep- 



J. M. Nelson and F. Hollander 


297 


arations. From the inactivation point of view, this is just the 
effect that would be predicted. The smaller the concentration 


TABLE IV. 


Experiment 

No. 

Invertase 

No. 

Inactivation 

time 

1 

Varied condition 

n X 10® 

Inactivated 



Ars 1 

pH 


per cent 

51a 

3 

0 

No Buffer. 

855 


b 

! 

i 

5 

5 8 

854 

0 0 

61a 

3 

0 

5 8 

862 


b 


5 


863 

0 0 

62a 

3 

0 

5^8 

862 


b 


5 

- 

861 

0.0 

52a 

6B 

0 

5 8 

70 9 


b 


5 


61 9 

12.7 

53a 

6B 

0 

5 8 1 

70 8 1 


b 


5 

i 

61 7 i 

12 8 

54a 

7 

0 

5 8 

523 


b 


5 


522 ! 

0 0 

3a 

8 

1 

2 i 

5 8 

983 


b 


0 


983 

0.0 

59a 

7 

0 

2 4 

524 


b 


5 


448 

14 5 

60a 

7 

0 1 

2 4 1 

522 


b 


5 1 

1 

447 

14 4 

35a 

8 

1 0 ' 

2 4 

1,190 

■» 

b 


5 i 


1,140 

42 1 

39a 

6B 

0 

2 4 

67 3 


b 


5 


42 2 

37 3 

40a 

6B 

0 

2 4 

67.3 


b 


5 


42.3 

Si.Ql 


of enzyme, the greater is the time required for attainmWof, 
say, 90 per cent inversion of the sucrose. But, since the 
vation is progressive, the loss of activitv in the course Wthc 
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hydrolysis will also increase, and consequently the observed A. D. 
over these varying periods will grow larger as the dilution of in- 
vertase increases. 

A comparison of Experiments 70 and 69 with the incubation 
experiment of Nelson and Hitchcock, referred to in the intro- 
duction to this paper, shows that, whereas invertase Preparation 
3 loses none of its activity in 5 hours at pH 5.8, at 4.9 it loses 
1.1 per cent. Unless the former stability was due to a difference 
in source of acidity, such as nature of buffer, this difference would 
indicate that the stability optimum of Preparation 3 is at a more 
alkaline value than 4.5, the value reported by von Euler and 
Laurin. Accordingly, after checking the observation of Nelson 
and Hitchcock (Experiment 51, Table IV), the incubation was 
repeated at the same pH in the presence of 0 01 m citrate buffer. 
As can be seen from the results of Experiments 61 and 62, the 


TABLE V. 

Experiments 12* and 12^ 

Spontaneous Activation of Invertase Hb — pH 3.3 


Experiment No ^ 

Inactivation time 

n X 10< (average). 

Activated 


hrs 


per cent 

a 

0 

150 

0 

b 

3 5 

150 

0 

c 

17 

150 

0 

d 

40 5 

150 

0 

e 

74 

153 

2 

f 

118 

151 

0 7 


idded buffer has no appreciable influence. It therefore follows 
vhat for Preparation 3 at 25°C., the stability optimum occurs at 
‘ pb greater than 4.5 and in the neighborhood of 5.8, furnished 

i citrate buffer. 

!,egarding the other three enzyme solutions, the results of 
xtivations at both pH 6.6 and 2.4 (Table IV) suggest that 
er these conditions the stability optima of these preparations 
also higher than pH 4.5. In the c£tse of No. 6b, the losses at 
4.9, and 2.4 are 12.8, 2.7, and 37.2 per cent, respectively, 
first being about one-third of the last. Similarly, the two 
►lUI invertases are stable at both the lower hydrogen ion con- 
^mtions while at pH 2.4 the losses are 4.2 and 14.4 per cent 
rH)S. 8 and 7. resnoctivelv. 



TABUS! VI. 


t equals time of sampling in minutes. 


Ezperim^mtr 2b. 

Experiment 2d. 

Experiment 12^e. 

Experiment 13^e. 

1 

n X io» 

t 

n X 105 

t 

n X 105 

‘ 

n xio* 

25 

991 

25 



1,638 


1,632 

30 

988 


987 

35 

1,528 


1,625 

35 

985 

36 

987 

45 



1,624 

Mean . . 

988 

Mean 

988 

Mean 

1,532 

Mean. 

1,627 

Experiment 8a 

Experiment 3b. 

Experiment 127 

Experiment 

< 

n X 10® 

t 

n X 10® 

t 

n X 10- 

t 

nX10‘ 

25 

979 

25 

979 

25 

1,506 

20 

1,612 

30 

983 

30 

985 

35 

1,506 

30 

1,507 

35 

9S6 

35 

986 

45 

1,509 

40 

1,506 

Mean 

983 

Mean 

983 

X 

Mean 

1,607 

Mean 

1,508 

Exjieriment 12 'a 

Experiment 12*'a 

Exjjj^iment 18a 

Experiment 18b 

t 

n X10> 


n X 105 

t 

n X 105 

t 

n X 105 

19 23 

1,509 

16 

1,513 

25 

827 

25 

824 

29 1 

1,499 

26 

1,499 

30 

822 

30 

819 

40 0 

1,503 

34 

1,494 

35 1 

821 

35 1 

817 

Mean . 

1,504 

Mean 

1,502 

Mean 

823 

Mean 

820 

Experiment 12 

Experiment 12'b 

Experiment 22a 

Experiment 22b. 

t 

n xio* 

t 

n X 105 

t 

n X 10- 

t 

n Xio* 

20 

1,510 

15 17 

1,512 

39 

856 

39 

857 

30 17 

1,498 

25 4 

1,506 

55 

858 

55 

858 

40 07 

1,500 

35 33 

1,504 

70 

854 

70 

852 

Mean 

1,503 

Mean 

1,507 

Mean 

856 

Mean 

856 

Experiment 12'c 

Experiment 12'c 

Experiment 23a 

Experiment 28b. 

t 

»»xio» 

t 

n X 105 

t 

n X 10’ 

t 

n X10» 

20 

1,504 

15 08 

1,506 

39 

791 

39 

790 

30 

1,498 

25 

1,488 

55 

791 

55 

794 

40 

1,497 

35 

1,488 

70 

787 

70 

788 

Mean . 

1,500 

Mean . . 

1,494 

Mean. . . 

790 

Mean 

791 

Experiment 12'd. 

£!xpenment 12*'d. 

Experiment S5a. 

Experiment 35b 

t 

nXlO* 

t 

n X 10» 

t 

|BBB3| 

t 

n XIO* 

30 

1,505 

26 25 


15 

jlRM 

15 

114 

40 13 

1,600 

35 

1,494 

20 


20 

114 

60 25 

1,601 

46 

1,497 

25 


25 

114 

Mean . . . 

1,602 

Mean 

1,498 

Mean . . 

119 

Mean . . . 

114 
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TABUS Vl--Continued. 


Experiment 89a. 

Experiment 89b. 

Experiment 51a. 

Experiment 51b. 

t 

n X 10* 

t 

n X 10« 

t 

n X io» 

t 

nxi0» 

120 

672 

120 

424 

40 

858 

40 

866 

150 

671 

150 

422 

55 

854 

55 

854 

192 3 

677 

180.2 

420 

70 1 

854 

70.1 

852 

Mean 

673 

Mean 

422 

Mean 

855 

Mean 

854 

Experiment 40a 

Experiment 40b 

Experiment 52a 

Experiment 62b. 

t 

n X 10« 

t 

n X 10« 

i 

n X 10« 

t 

n X 10* 

120 

672 

120 

424 

119 9 

715 

119 9 

623 

150 

668 

150 

422 

150 

707 

150 

617 

168 

680 

180 

424 

180 

706 

180 

618 

Mean . . 

673 

Mean 

423 

Mean 

709 

Mean 

619 

Experiment 43a 

Experiment 43b 

Experiment 53a 

Experiment 63b 

t 

n X 10« 

t 

n X 10« 

t 

n X 108 

t 

n X lo* 

119 1 

764 

120 

731 

120 

716 

120 

623* 

150 

759 

150 

725 

150 

701 

150 

612 

180 

750 

180 

723 

180 

708 

180 

616 

Mean 

758 

Mean 

726 

Mean 

708 

Mean 

617 

Experiment 44a 

Experiment 44b 

Expieriment 54a 

Experiment 54b 

t 

n X 108 

t 

n X 10® 

t \ 

n X 10‘ 

t 

n X 10® 

120 

768 

120 

729 

30 

522 

30 

521 

150 

761 

150 

723 

35 

522 

35 

523 

180 

754 

180 

721 

40 

524 

40 

522 

Mean 

761 

Mean 

724 

Mean 

523 

Mean 

522 

Experiment 47a 

Experiment 47b 

Experiment 69a 

Experiment 59b 

t 

n X 10^ 

t 

n X 10® 

i 

n X 10’ 

t 

n X 10^ 

120 

767 

120 

750 

30 

523 

30 

446 

150 

761 

150 

740 

35 

524 

35 

447 

180 

758 

180 1 

733 

40 

526 

40 

450 

Mean 

762 

Mean 

741 

Mean 

524 

Mean 

448 

Experiment 48a 

Experiment 48b 

Experiment 60a 

Experiment 00b 

t 

n X 108 

t 

n X 10« 

t 

n X 10» 

t 

n X 108 

120 

765 

120 

748 

30 

521 

30 

444 

150 

761 

150 

739 

35 

521 

35 

447 

180 1 

754 

180 

737 

40 

523 

40 

449 

Mean 

760 

Mean 

741 

Mean . 

522 

Mean . . . 

447 
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TABLE YL^oncluded, 


Experiment 61a. 

Experiment 61b. 

Experiment 60a. 

Experiment 69b. 

t 

n X 10' 

i 

n X 10' 

t 

n X 10^ 

t 

n X 10* 

40 

863 

40 

866 

41 

842 

40 5 

829 

55 

863 

55 

862 

55 

838 

55 

833 

70 

862 

70 

862 

. 70 

839 

70 

832 

Mean 

862 

Mean 

863 

Mean 

840 

Mean 

831 

Experiment 62a 

Experiment 62b 

Expenment 70a 

Experiment 70b 

t 

n X 10» 

t 

n X 10' 

i 

n X 10' 

t 

n X 10* 

40 

861 

40 

862 

40‘ 

843 

40 

823 

55 

864 

55 

863 

55 

838 

55 

831 

70 

862 

70 

858 

7(>,5 

840 

70 

830 

Mean 

862 

Mean 

861 

Mean . . . 

840 

Mean . . 

831 

Experiment 63a 

Experiment 63b I 

Experiment 71a 

Experiment 71b. 

< 

n X 10' 

' 

n X 10' 

t 

n X 10« 

t 

n X 10« 

40 

806 

40 

791 

120 

728 

120 

709 

54 

801 

55 

784 

150 

724 

150 

706 

70 

797 

70 j 

784 

180 

729 

180 

705 

Mean 

801 

Mean 

786 

Mean 

727 

Mean 

707 

Experiment 64a 

Experiment 64b 

Experiment 72a 

Experiment 72b 

i 

n X 10' 

t 

n X 10' 

t 

n X 108 

t 

n X lO'* 

40 

806 

40 

791 

120 

r 728 

120 

709 

55 

803 

55 

787 

150 

1 727 

150 

708 

70 

798 

70 

782 

180 

727 

180 

705 

Mean 

802 

Mean 

787 

Mean 

727 

Mean I 

707 


This is in accord with the observation of Bloomfield (7), 
that the values for n decrease during a hydrolysis in the vicinity 
of pH 2, while at 4.5 and 7, they remain constant. Because of 
the small amounts of these various preparations available, it has 
not been possible to examine this point in greater detail. 

As a matter of record, the following observations are also 
reported. In studying the relative stabilities at pH 2.4, inver- 
tase No. Hb, a new preparation made as described below, was 
found to have undergone no inactivation in 3^ hours (Experi- 
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ments 12' and 12", Table V). Continuing the incubations, 
the activity persisted unchanged for 40| hours, but after the 
3rd day (74 hours) showed an increase of 2 per cent. This was 
followed 44 hours later by a drop to 0.7 per cent above the orig- 
inal value. The possibility of this being due to experimental 
error is eliminated by its magnitude as well as by the duplication 
of effect. At the same time the 74 hour samples were withdrawn 
from their respective incubation bottles, it was noticed that a 
fine white sediment had settled out in each of them. 

EXPERIMENTAL DETAILS. 

Procedure — For studying the inactivation, the following solutions were 
prepared: An incubation mixture consisting of 
(A) 1 Stock invertase solution, 

2 Buffer solution of such a nature as to give the desired pH, and in 
such quantity as to yield a concentration of buffer salts equal to 
0 01 molar. 

(C) A solution consisting of 

1 Sucrose, 

2 Buffer combination, 

3 Water in which these components were present in such proportions 

that when a convenient number of cc of (A) was added to a given 
volume of (C), the hydrolyzing mixture (C') contains the com- 
ponents in the following concentrations • 

(a) Sucrose, 10 gm. per 100 cc , 

(b) Buffer, 0.01 molar, of pH 4 5, 

(c) Invertase solution, in such an amount as to give a convenient 

velocity of hydrolysis. 

Throughout the incubation. Solution (A) was kept in the thermostat In 
order to follow the progresb of the reaction, samples were pipetted out and 
added to Solution (C) immediately (within 1 minute) after mixing the com- 
ponents and at desired time intervals thereafter. The mean delivery time 
of the pipette was taken as the time of observation in all cases 
In order to determine the extent of hydrolysis at any time, a 25 cc portion 
of (C') was added to 5 cc. of 0.1 m sodium carbonate solution, which stopped 
the reaction From i to 2 hours after this, as recommended by Hudson (8), 
the polariscopic rotations of these solutions were determined. The initial 
rotation of the hydrolysis mixture was determined by adding a proportion- 
ate amount of Solution (A) to the sodium carbonate solution, in order to 
inactivate the enzyme Then enough of (C) was added to this so as to make 
the relative amounts of the three components the same as in any other 
hydrolysis sample The final readings were taken 2 or more days after the 
experiment was performed 
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In order to get, as accurate as possible, a determination of the activity 
of Solution (A), the pH of (CO was always kept at the optimum value, 
4.5, thus giving a maximum value to the velocity constant hydrolysis n 
for the given invertase concentration. The relative amounts of the buffer 
components in Solution (C) necessary to give this value of pH, were deter- 
mined as follows; The amounts of each of these components already pres- 
ent in the portion of Solution (A) added to Solution (C) were subtracted 
from the corresponding values for the resulting Solution (C') employed 
in the hydrolysis experiment. When (A) contained more acid than was 
required in Solution (C') then enough sodium hydroxide was added to 
neutralize the excess. In an inactivation experiment run over several 
months, a pH determination repeated after a long interval of time showed 
no change in the acidity Such an experiment required the presence of 
toluene in Solution (A) to avoid growth of moM. 

A description of the method of preparation used for all of the invertase 
solutions with the exception of No. Hb, is gi^n in the paper of Nelson and 
Hitchcock, The procedure used was essentially that of Nelson and Born 
(9). In the case of the new preparation. No. Hb, the procedure was prac- 
tically that of von Euler The autolyzed bottom yeast juice was precipi- 
tated with an equal volume of 95 per cent alcohol, the gum taken up with 
distilled water and reprecipitated. An aqueous solution of the gum so 
obtained was used without being dialyzed 

The pH was determined colonmctrically, using the necessary Clark and 
Lubs indicators (10) The citrate standards used were calibrated elec- 
trometrically with bubbling hydrogen electrode against a saturated potas- 
sium chloride calomel cell, joined by a saturated potassium chloride bridge. 
The calculations were based on 0 1 n hydrochloric acid as a standard, its 
conductance dissociation being taken as 92.04 per cent at 25°C., at Which 
temperature all determinations were made. 

The light source used in the polariscopic work was a mercury vapor arc. 

SUMMARY. 

1. An explanation based on their lower relative stability has 
been offered for the ^^abnormality” of certain invertase prepara- 
tions observed by Nelson and Hitchcock and by Willstatter and 
his CO workers. 

2. It has been shown that sodium chloride and yeast gum 
exert a stabilizing influence on one, but not on the other, of the 
two abnormal preparations studied. 

3. Data were obtained at 25°C. showing that the stability 
optimum of one abnormal invertase preparation did not occur in 
the pH region of optimum activity as suggested by von Euler 
and Laurin for the temperature interval 45-55®, but further 
towards the alkaline side; t.e., in the vicinity of pH 5.8. 
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4. Likewise, data obtained with the two normal preparations 
suggest that they also do not agree with von Euler and Laurin’s 
conclusion in this respect. 
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COLLODION MEMBRANES OF HIGH PERMEABILITY.* 

By J M. nelson and DAVID PERCY MORGAN, Jb 
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Various methods of preparing collodion membranes of graded 
permeability have been previously described by Bechhold (1), 
Walpole (2), Brown (3), and Eggei1% (4). These several investi- 
gators have arrived empirically at different procedures for produc- 
ing essentially the same result. When, however, a reproducible 
graded membrane of high degree of permeability is desired, none 
of their methods is entirely satisfactory. 

In the work described in this paper, flat membranes, prepared 
according to Walpole, were used. By Walpole^s procedure collo- 
dion solution is poured upon a carefully levelled circular glass 
plate in sufficient quantity to spread evenly to the edges of 
the plate. As the alcohol-ether solvent evaporates the solution 
becomes more and more viscous until finally a membrane is formed. 
The plate, with its film, is now immersed in water and after the 
lapse of a few minutes the membrane can be easily removed. 

Walpole observed that by water immersion of the plate and 
film at different stages in the evaporation of the solvent, a series 
of membranes of different degrees of permeability could be ob- 
tained, since in this way the amount of residual solvent to be 
replaced more or less by water is varied. This relationship 
between the amount of water and solvent finally contained in the 
film, which Walpole has termed the ‘Vetness,^' and the degree of 
permeability of the film has since been substantiated by Brown (3) 
and Eggerth (4). 

In the present work the ‘'wetness^' per gram of dry collodion is 
termed the ^ 'grade’' of the membrane and is determined directly 

♦Published as Contribution No. 428 from the Department of Chemistry, 
Columbia University. 
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by weighing. This procedure constitutes an improvement over 
Walpole^s measurement of the thickness, since it permits deter- 
mmation of the grade of a membrane at any point in the process 
without waiting until the membrane becomes tough enough to 
measure with a caliper. A further advantage is the possibility 
of working with very much thinner membranes (about 0.01 mm. 
versus Walpole^s 0.1 mm.). 

In working with these thin membranes the very interesting 
observation was made that the change from viscous liquid to 
rigid jelly is quite abrupt. It thus becomes possible to detect and 
measure an important property of the membrane; namely, the 
grade of the membrane at the instant of jellification, the so called 
'^initial gel grade.’^ 

By means of this initial gel grade it is possible to measure the 
tendency of a given sol to set to a jelly, and a direct way is thereby 
provided for studying the conditions favorable to the formation 
of jellies of high degree of wetness and hence of high peimcability. 
From the foregoing it is obvious that one very important condi- 
tion favoring high permeability is the immersion of the membrane 
in water as quickly as possible after the point of jellification has 
been reached. 

Relation between the Composition of the Collodion Sol and the 
Initial Gel Grade, 

The actual method finally adopted for this work combines 
several features of the different techniques previously mentioned 
Thus the solutions are prepared, as by Eggerth (4), by dissolving 
a given weight of Du Pontes parlodion in 100 gm. of absolute 
alcohol and ether, mixed m stated proportions by weight; and a 
measured volume of the given solution is then poured, as by 
Walpole, on a plate of known weight. If too much collodion is 
used the surface of the thick membrane formed gels somewhat 
sooner than the main portion of the liquid and there is conse- 
quently no sharp point of transition from sol to gel. With a 
sufficiently thin membrane, however, this transition is abrupt 
and is readily observed. If changes in the consistency of the 
drying film are followed by gently touching it from moment to 
moment with a pointed match it will be observed that some- 
what before jellification the rapidly thickening material adheres 



J. M, Nelson and D. P. Morgan, Jr. 307 


strongly to the match as the latter is withdrawn; then, in quick 
succession, pressure with the match produces a slight temporary 
depression of the gelled surface into the still liquid sublayer, and, 
immediately f afterward, a semipermanent deformation, indicative 
of complete rigidity or jollification throughout the entire film. 
At this instant the plate is placed on the balance and weighed as 
quickly as possible to the nearest 10 mg. This weighing gives 
W'o, the weight of collodion plus the organic solvent retained in 
the jelly. As the solvent is evaporating at the rate of about 50 
mg. a minute and as it takes about half a minute to make the 
weighing the measurements will run low by about 25 mg. How- 
ever, since this error is always in the'same direction and since 
the weights obtained in different experiments are found to differ 
by hundreds of milligrams no correction was introduced for this 
error. 

As soon as the weight is determined the plate is immersed in 
water and left there 15 or 20 minutes until, on raising it, the water 
is found to wet the membrane surface. The membrane can now 
be weighed, after drying between filter papers, either on the 
plate, or by itself after removal therefrom. This determination, 
WxDy is more accurate than that of Wo as the water evaporates at 
the slower rate of about 10 mg. per minute from the membranes 
used. The dry weight, Z), of collodion is finally determined to 
about 0.5 mg, after drying overnight at 70°C. From these data. 
Go, the grams of solvent per gram of collodion before water im- 
mersion, and, Gtpjthe grams of solvent per gram of collodion after 
water immersion are calculated as follows: 



Go is the ^'grade^' of the organo-jelly, and Gu, is the ''grade'' of 
the final membrane. 

Using the above described procedure the first question investi- 
gated was the effect on the initial gel grade of variation in 
the parlodion content of solutions of constant alcohol-ether 
composition. Previous work by Bechhold (1) indicated clearly 
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the existence of such an effect. In each experiment 60:60 (by 
weight) alcohol-ether solutions of suitable parlodion content 
were used. Each membrane was numbered by iJSiserting a small 
paper tag in the rim of the jelly. The results are shown in 
Table I. 


TABLE I 

Effect of Variations in the Parlodion Content of the Sol upon the Initial 
Gel GradCy Go, and the Final Grade of the Membraney Gv>. 
Alcohol-ether ratio =« 50:50 in each experiment. 


Mem- 

brane 

No 

Parlo- 
dion per 
100 gm 
solvent 

Sol 

used 

Time to 
set 


Wo 

Ww 


D 

Go 

Ow 

R 

108 

gm 

6 

cc 

10 

mtn 

13 

3 

413 

2 068 

0 

423 

7 

1 

3 

9 

1 82 

109 

6 

10 

9 

3 

382 

1 965 

0 

423 

7 

0 

3 

6 

1 94 

no 

4 

8 5 

10 i 

2 

892 

1 830 

0 

247 

10 

7 

6 

4 

1 67 

111 

4 

8 5 

9 

2 

790 

1 760 

0 

247 

10 

3 

6 

1 

1 69 

112 

4 

8 5 

95 1 

2 

875 

1 850 

0 

245 

10 

7 

6 

1 

1 76 

113 

4 

8 5 

95 

2 

832 

1 760 

0 

243 

10 

7 

6 

2 

1 73 

114 

3 

7 5 

9 

2 

500 

1 725 

0 

163 

14 

3 

9 

6 

1 49 

115 

3 

7 5 

85 

2 

413 

1 650 

0 

164 

13 

7 

9 

1 

1 51 

116 

3 

7 5 

9 

2 

542 

1 755 

0 

166 

14 

3 

9 

6 

1 49 

117 

3 

7 5 

9 

2 

440 

1 630 

0 

166 

13 

7 

8 

8 

1 56 

118 

2 

5 

6 

1 

404 

0 960 

0 

086 

15 

3 

10 

2 

1 50 

119 

2 

5 

6 

1 

645 

1 150 

0 

092 

16 

9 

11 

5 

1 47 

120 

2 

5 

6 

1 

500 

1 084 

0 

086 

16 

5 

11 

6 

1 42 

121 

2 

5 

6 

1 

450 

1 070 

0 

086 

15 

9 

11 

4 

1 40 

122 

2 

5 

6 

1 

415 

1 050 

0 

086 

15 

4 

1 11 

2 

i 1 38 

123 

2 

5 

6 

1 

483 

1 085 

0 

089 

15 

7 

11 

2 

1 40 


The first four columns give, successively, the number of the 
membrane, the grams of parlodion per 100 gm. of solvent, the 
volume in cubic centimeters of sol required to cover the plate, 
and the time required for the jelly to form. The next three 
colunms give the observed weights of the membranes: Wo, the 
combined weight of parlodion and organic solvent at the moment 
the jelly sets; Ww, the weight of parlodion plus solvent after 
immersion; and D, the weight of the membrane after drying over- 
night at 70°C. From these data. Go, the ^finitial gel grade, 
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that is, the grams of organic solvent per gram of parlodion before 
immersion; and Gw, the grams of solvent per gram of parlodion 
after immersion, is calculated as previously de3crib3d. 

In the last column, headed R, is given the ratio of the grade 
before and after immersion in water. 



A comparison of the values of Go, the initial gel grade, for 
groups of membranes made from solutions of the same collodion 
content shows that the new method of determining this property 
gives satisfactory results. The reliability of the method seems 
therefore established. A further p^nt of interest is brought 
out; namely, that the initial gel grade, Go, from a 2 per cent sol 
is more than twice as large as Go from a 6 per cent sol. 

This would naturally suggest that further increase in grade 
could be attained by the use of still more dilute solutions, but 
experiment quickly demonstrated that the resulting films are 
too fragile to be used. The remaining experiments in this paper 
have therefore been carried out with 2 per cent solutions. 

Having established an optimum parlodion concentration we 
next studied the effect of varj^ing the alcohol-ether ratio in the 
solvent mixture. The existence of such an effect was indicated 
clearly by the work of Eggerth (4). The application of the 
initial gel grade method to this problem yielded the results shown 
in Table IL 

The results in the Go column agree in general with the work of 
Eggerth in showing that the grade increases with alcohol content 
of the solvent. Not only, however, has the present method 
yielded membranes of a grade more than twice as high as any 
reported by Eggerth (compare our Gw = 17 with Eggerth's 
highest grade of Gw = 8.43) ; even more to be emphasized is the 
elimination by the present technique of the uncertainty involved 
in the employment of any drainage method. When films are 
produced by dipping and drainage, as in Eggerth ^s work, the 
properties of the membranes produced depend upon the simultane- 
ous influence of at least thi*ee factors: (1) the viscosity of the 
solution which affects the rate of drainage and consequently the 
thickness of the fihn at various levels; (2) the rate of evaporation, 
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which affects, on the one hand, the drainage, and, on the other, 
the rate of gel formation; and (3) the critical concentration at 
which jellification occurs. The initial gel grade method eliminates 
drainage as a factor and likewise by referring all observations to a 
standard condition of the film, regardless of the time consumed in 
reaching that condition, eliminates rate of evaporation, leaving 
the critical concentration as the only variable. The favorable 
effect of increased alcohol concentration on the grade of the 
membrane can therefore now be definitely attributed to an 
influence on the sol-gel transfonnation. 

TABLE II 


Effects of Variations in the Ratio of Alcohol to Ether in the Solvent. 
5 cc. of 2 per cent parlodion sol were used m each experiment. 


Alcohol- 
ether ratio 
by vv eight 

Membrane 

No 

ITo 

Ww 

D 

Go 

Gw 

R 

25:75 

124 

0 904 

0 665 

0 083 

9 9 

7 0 

1 42 


125 

0 876 

0 640 

0 085 

9 3 

6 5 

1 43 


126 

0 980 

0 690 

0 084 

10 6 

7 2 

1 47 


127 

0 933 

0 645 

0 085 

10 0 

6 6 

1 52 

50,50 

118 

1 404 

0 960 

0 086 

15 3 

10 2 

1 50 


119 

1 645 

1 150 

0 092 

16 9 

11 5 

1 47 


: 120 

1 500 

1 084 

0 086 

16 5 

11 6 

1 42 


121 

1 450 

1 070 

0 086 

15 9 

11 4 

1 40 

75:25 

128 

i 1 912 

* 

0 081t 

21 9 1 




129 

2 101 

1 480* 

0 082 

24.6 

17 1 

1 44 


130 

2 082 

1 410* 

0 079 

25 4 

16 9 

1 5 


131 

2 045 

1 380* 

0 082 

23 9 1 

15 8 

1 51 


* Damaged in removal from plate. 

to 081 is the average D for Membranes 129, 130, and 131 


The practical employment of our most permeable membranes in 
a study of the diffusibility of invertase was prevented, however, 
by the impossibility of removing them intact from the plate. 
Fortunately, a very simple way of overcoming this difliculty was 
soon foimd, for it is only necessary to fog the glass surface before 
pouring on the collodion sol in order to obviate the tendency to 
stick. This is readily accomplished by breathing on the plate 
which, if necessary, has been chilled to a few degrees below room 
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temperature. A light fog is all that is necessary; a heavy deposit 
of moisture is to be avoided, as the membrane may be damaged. 
Fogging also provides a test for the cleanness of the surface, for, 
if an invisible fihn of collodion or oil is present, the fog will not 
form evenly. 

It is of interest to note that even the small amounts of moisture 
introduced into the membrane by this fogging process have a well 
defined effect on the initial gel grade. To illustrate this point 
Table III is introduced. In each experiment of this series 5 cc. 

TABLE III 

Effect of Fogging the Plates. 

5 cc. of 2 per cent parlodion sol of alcohol-ether ratio 75 25 were used in 
each experiment 



Membrane 

No 

Wo 

Ww 

D 

Go 

Gw 

R 

Plates not fogged 

128* 

1 

912 



0 

osit 

21 

9 


1 




129* 

2 

101 

1 

480 

0 

082 

24 

6 

17 

1 

1 

44 


130* 

2 

082 

1 

410 

0 

079 

2.5 

4 

16 

9 

1 

5 


131^ 

2 

045 

1 

380 

0 

082 

23 

9 

15 

8 

1 

51 

Plates fogged 

136t 

2 

273 

1 

565 

0 

079 j 

27 

8 

18 

8 

1 

48 


137t 

2 

286 

1 

555 

0 

080 

27 

6 

18 

5 

1 

49 


138t 

2 

282 

1 

580 

0 

081 

27 

2 

18 

5 

1 

47 


139t 

2 

264 

1 

540 

0 

080 

27 

3 

18 

3 

1 

49 

Plate not fogged, 2 

146* 

2 

602 

2 

086 

0 

080 

31 

5 

25 

1 

1 

26 

percent H 2 O in sol 

147* 

2 

CO 

10 

2 

000 

0 

080 

30 

7 

24 

0 

1 

28 


148* 

2 

612 



0 

0 

0 

— f- 

31 

6 






149* 

2 

546 



0 

•4— 

0 

0 

30 

9 






* Damaged in removal from plate 
t Average D for Membranes 129, 130, and 131. 
t Came off plate easily 


of a 2 per cent parlodion, 75:25 (by weight) alcohol-ether sol, 
were used. The membranes were immersed in water as soon as 
the initial gel weight was determined. The effect of moisture on 
the initial gel grade, Oo, is evident from comparison of Experi- 
ments 128 to 131, where no moisture was deliberately added, 
with Nos. 136 to 139, where moisture was added by fogging 
the plate, and with Nos. 146 to 149, where moisture was added 
directly to the solution. 
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These results suggested a new way of increasing the grade of the 
membranes, but imfortunately, very little advantage could be 
gained by adding water to the sols because even small amounts 
of water have the undesired effect of making the membranes too 
fragile for use. The practical value of these observations con- 
sists in the parallel increase in initial gel grade and fragility, thus 
suggesting precautions to be adopted in order to obtain films of 
high grade, and at the same time reasonable strength. Aside 
from the obvious precautions taken for the dryness of the solvent 
alcohol-ether, there are still two ways by which moisture may get 
into the membrane. First, the worker may inadvertently breathe 
on the solution on the plate while watching for the initial gel 

TABLE IV 

Effect of Humidity on the Initial Gel Grades Gq. 

In each experiment the plate was fogged and 5 cc of a 2 per cent par- 
lodion sol of alcohol-ether ratio (by weight) equal to 75 25 were poured 
upon it 



Membrane 

No 

Wo 

D 

Go 

Relative humidity less than 50 

171 

1 904 

0 076 

24 

per cent. 

172 

1 934 

0 076 

24 4 

Relative humidity, sol 

173 

2 346 

0 076 

29 9 

breathed on. 

174 

2 278 

0 076 

29 0 

Relative humidity about 80 per 

176 

2 213 

0 076 

28 1 

cent. 

177 

2 338 

0 076 

29 7 


178 

2 342 

0 076 

29 8 


179 

2 309 

0 076 

29 4 


point; and second, if the relative humidity be sufficiently high, 
moisture may be taken up from the atmosphere to the detriment 
of the membrane. Cases illustrating these effects are shown in 
Table IV, which is self-explanatory. 

We suggest as a plausible, though incomplete, explanation of 
the r 61 e of water in these experiments that moisture in the sol 
causes a precipitation of the collodion concomitantly with gel 
formation. This tentative explanation seems justified by the 
observation that the fragile jellies are more opalescent than the 
stronger ones and that relatively slight further increases in water 
content cause distinct precipitation in separate white flocks. 
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It will be noted from our tables that the ratio is always 
greater than unity. This indicates a loss of permeability during 
the immersion of the membrane in water. It was thought that 
if the replacement of organic solvent by water were allowed to 
take place more gradually these losses might be diminished. An 
increase in the grade after water immersion was actually accom- 
plished by dipping successively in alcohol-water solutions of 
decreasing alcohol strength. The results are shown in Table V. 

TABLE V. 

Effect on Final Grade^ Gu', of Immersing the Organo-Gel in AlcohoUW ater 
Solutions of Successively Lower Alcohol Strengths. 

5 cc. of 2 per cent parlodion sol of alcohol-ether ratio = 75:25 were used 
in each experiment 



Mem- 

brane 

No 

Wo 

Ww 


Go 

Gw 

R 

Plate fogged ; direct wa- 

136 

2 

273 

1 

565 

0 

079 

27 

8 

18 

8 

1 

48 

ter immersion. 

137 

2 

286 

1 

555 

0 

080 

27 

6 

18 

5 

1 

49 


138 

2 

282 

1 

580 

0 

081 

27 

2 

18 

5 

1 

47 


139 

2 

264 

1 

540 

0 

080 

27 

3 

18 

3 

1 

49 

Plate fogged; graded al- 

161 

2 

210 j 

1 

800 

0 

076* 

28 

1 

22 

7 

1 

24 

cohol immersion i 

162 

2 

150 j 

1 

730 

0 

076 

27 

3 

21 

8 

1 

25 

i 

164 

2 

230 j 

1 

840 

0 

076 

28 

3 

23 

2 

1 

22 


165 

2 

186 

1 

875 

0 

076 

27 

8 

23 

6 

1 

13 


* 0 076 IS the average D for three other membranes prepared in the same 
way 


In the last five experiments (Nos. 161 to 165), the membranes 
were immersed successively in alcohol-water solutions of the 
following strengths, by volume, of 95 per cent alcohol: 80, 70, 60, 
50, 40, 30, 20, 10, and 0 per cent. A membrane is kept in 
each succeeding solution from 2 to 10 minutes until on raising it 
the surface is wetted by the solution. 

It is to be noted first, that the initial gel grade, Go, values agree 
very well throughout both groups of experiments and second, 
that the final grade, Gw, shows a considerable increase from an 
average value of about 18.5 (in the first series) to an average value, 
in the graded alcohol experiments, of about 23.1. The colmnn 
headed R shows the marked change in Go-G^ from the usual 
value of about 1.5 to a lower value of about 1,2. These mem- 
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braneSi and others of the same grade, were easily removed from 
their plates and were actually used in experiments on the diffusi- 
bility of invertase. 

An additional point of practical importance is the possibility of 
preparing by our method in a simple manner a membrane of 
any desired permeability, by allowing one of a higher grade to 
evaporate on the balance till the desired weight is reached. Thus 
to make a series of membranes of G«, equal to 23 it is necessary 
only to make a number of membranes whose is higher than 
this and evaporate them down to the desired grade. 

A final difficulty which had to be overcome in order to render 
our membrane suitable for the study of invertase arises from the 
unavoidable variations in permeability at different parts of the 
film. This phenomenon was observed by Bechhold (5) when he 
forced air under known pressure through the membrane into a 
thin layer of supernatant water. Certain points in the surface 
allow the passage of air at pressures insufficient to force air 
generally through the film. The precaution was therefore taken 
of using a mat of three membranes in each experiment reported 
below with the hope of reducing the chance of one part of the 
surface being very much more permeable than another. 

Procedure for Membrane Preparation , — As a result of the previous 
experiments, the following procedui'e for preparing membranes 
for ordinary use has been developed. The outside diameter 
of the flanged tubes of the filtration apparatus to be described 
later was 3 inches, and, therefore, 4 inch circular glass plates 
were used for the preparation of the membranes. One of 
these plates (the plates were always cleaned before using with 
cleaning mixture — concentrated sulfuric acid, saturated with 
potassium dichromate — washed, rinsed with dust-free distilled 
water, and dried in the oven at 50®C.), chilled if necessary, is 
weighed, carefully levelled on the desk, fogged, and 5 cc. of a 
2 per cent solution of Du Font's parlodion in 75:25 (by weight) 
alcohol-ether solvent mixture are run upon it from an ordinary 
pipette and allowed to evaporate. It is a good idea to guard the 
solution, as it eVaporates, from convection currents and draughts 
by a cylindrical shield which also slows the process, making 
evaporation more even, and decreases the chance of moisture 
from the atmosphere spoiling the membrane. As soon as a jeUy 
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forms, the plate is removed to a balance and evaporation is allowed 
to proceed down to a weight which has been foimd by a trial or 
two to give a grade after water immersion (G«,) somewhat higher 
than that desired. The immersion may be in water directly, or 



Filtration Apparatus 

Fig. 1. 

this may preferably be preceded by immersion in graded alcohol- 
water mixtures. The water-wet membrane is worked loose from 
the plate under water by gentle lateral pressure of the finger tips, 
and set aside to soak in water overnight. This soaking is advised 
because it is occasionally found that a membrane which has 



316 Collodion Membranes of High Permeability 


possibly been hurried through the solvent replacement process 
will lose weight during the first few hours. After this alteration 
has taken place, the membranes will keep their grades for weeks. 
At the same time that the soaking process is taking place, a few 
membranes are dried in the oven to get the dry weight (D), which 
must be known to calculate the Ww corresponding to a certain 
desired Gw or mce versa. When a series of membranes of variable 
grades but all greater than the one desired is ready, it is only 
necessary to evaporate each on the balance to the predetermined 
weight Ww- The only important error in Gw is in the assumption 
that all membranes made from ‘the same solution will have the 
same dry weight, but on the average this error is found to be less 
than 2 per cent. For example, the dry weights (Z>) of four 
samples from one series of membranes were in grams, 0.077, 
0.076, 0.080, and 0.077, where the average deviation from the 
mean is 1.3 per cent. 

Apparatus . — For the convenient use of these membranes in 
ordinary work a special apparatus was necessary. In Fig. 1, one 
form of this apparatus is shown which was designed and used in 
filtration experiments. Except for the differences in the inlet and 
outlet tubes the two parts arc essentially the same. They consist 
simply of two pieces of heavy walled tubing 2 inches in diameter 
which are flanged and ground to fit each other. The convenient 
feature is .the method of holding the two flanges tightly together 
when the membrane is placed between. This is accomplished 
very simply and effectively by snapping a number of strong rubber 
bands over the arms. 

In experiments where it was necessary to brace the membranes 
this was satisfactorily accomplished by the use of an ordinary 
nichrome gauze. Such a gauze is sufficiently stiff, yet has a 
comparatively open mesh. In order to make this system water- 
and • air-tight the meshes of the gauze where they come in contact 
with the flanges, are filled with a special gummy preparation con- 
sisting of rubber dispersed in paraffin. (This and several other 
valuable suggestions were given to the authors by Dr. T. C. Taylor 
of this University.) 

In the filtration experiments about to be described this ap- 
paratus was set up in a suction flask which was connected to a 
mercury or water manometer and an ordinary suction pump. 
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This relatively simple arrangement is possible because only low 
pressures are needed due to the great permeability of the mem- 
branes and the low osmotic pressures developed by the colloidal 
solutions investigated. (Compare Bechhold (1) and McBain 
and Jenkins (6).) 

TABLE VI. 

Filtration Experiment Fz-V-Ay Using Invertase Solution E, at pH 
7.5, External Pressure {about 0 03 Atmosphere) and Time {11 Hours) 
Same as in Experiment Fz-V-B. 


Membranes • 

156 ((?„, = 
158 (G„ ■■ 
, 159 (G„ : 

= 21 8)] 

- 22 5) [ 
= 22 1) ] 




^0,R,F ,■ 

^0,R,F 

Kx « Ko 
reduced to 
VgorV,, 

1 Diatnbu- 
tion of 
invertase. 


ce. 



percent 

Original invertase solution, 0 

60 

0 00330 



Residual solution, R 

22 

0 00383 

0 0090 1 

42 6 

Filtrate, F 

36 

0 00243 

0 0055 ; 

44 2 

Total accounted for 




86 8 

Lost (bv difference), per cent 




13 2 


TABLE VII 

Filtration Experiment fVV’-JK, Using Invertase Solution at pH 

7 5, External Piessure {about 0 OS Atmosphere) and Time {11 Hours) 
Same as in Experiment Fz-V-A 
{ 163 ((7u, = 23 2) ] 

Membranes | 164 {Gw = 23 6) [ 

[ 165 {Gw = 23 3) j 



’'O.B.F 

^0,R,F 

Kx - Ko 
reduced to 
VflOT Vp 

I 

Di8tribu> 
tion of 
invertase 


cc 



per cent 

Original invertase solution, 0 

60 i 

0 0033 



Residual solution, R 

19 

0 00427 

0 0104 

41 

Filtrate, F . . 

' i 

40 

0 0022 

0 00495 

44 7 

Total accounted for 




85 7 

Lost (by difference) 

. . . 



14 3 
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Filtration Experiments. 

The high degree of permeability and the reproducibility neces- 
sary for a study of the diffusibility of invertase seemed now to be 
attained, and, therefore, we proceeded to test our membranes 
by actual filtration experiments. Equal volumes of the same 
invertase solution were placed in two of the above described 
vessels and subjected to ultrafiltration through equal areas of 
filter for equal times under identical external pressures of about 
3 cc. of mercury. 

The concentrations of invertase in the original solution, in the 
residual solution, and in the filtrate were assumed proportional 
to the monomolecular constant {K) of inversion of cane-sugar 
when equal volumes (2.0 cc.) were added to 98 cc. of 16 per cent 
sugar solution, buffered by citrate at pH 4 5. Comparison of the 
observed K with the K calculated on the assumption that all the 
invertase has been concentrated in the observed volume of 
filtrate or residual solution gives a measure of the yield of sucro- 
lytic material present. The results of two such experiments are 
shown in Tables VI and VII. 

The data show that the membranes are quite permeable to 
invertase and that two different set-ups can be made which check 
fairly well. The fact that the residual solutions were dark brown, 
while the filtrates which contained a considerable portion of the 
invertase were nearly water-white, points to the possibility of a 
purification of invertase solutions by fractional ultrafiltration, 
and it is hoped that the optimum conditions for the application 
of this method of purification can be reported in a succeeding 
paper. 

SUMMARY. 

1. A method has been devised for studying conditions requisite 
to the formation of collodion membranes of high permeability. 

2. By means of this method the optimal concentrations of 
collodion and alcohol for ordinary working solutions have been 
roughly defined. 

3. By means of an improved technique membranes have been 
prepared, characterized by reasonable strength, and, at the same 
time, a permeability almost three times as great as any pre- 
viously reported. 
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4, A simple procedure is outlined for the preparation of a series 
of membranes of any desired grade, provided only that the grade 
desired is below the limit fixed by the fragility of the membranes. 

6. Under obvious precautions the suitability of such membranes 
for the study of invertase diffusibility has been established. 
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AQUEOUS EXTRACTS OF PANCREAS. 

II. PHYSICAL AND CHEMICAL BEHAVIOR OF INSULIN. 

By H A PIPER, R S ALLEN, and JOHN R. MURLIN. 

{From the Physiological Laboratory of the University of Rochester , Rochester.) 

(Received for publication, September 5, 1923 ) 

Much has yet to be learned regarding the physiology of insulin: 
how it is formed, how it affects the combustion of glucose, what 
stimulates its secretion into the blood stream and lymph, and so on. 
Knowledge in these directions will advance more rapidly as its 
physical and chemical properties become better known. Progress 
toward its chemical isolation and synthetic production may like- 
wise be accelerated by disclosures, as rapidly as they are made, 
of its physical and chemical modes of behavior. The following 
observations have bcH^n made in the course of the past 2 years. 
Some of them have been reported in preliminary communications 
(1,2), but most of them are reported here with full supporting data 
for the first time. 

Insulin is not a protein. In the purest form in which it has been 
obtained in this laborator>" and in concentration sufficient to give 
a marked hypoglycemic effect with normal rabbits it gives none of 
the usual protein reactions. In this statement we are in agree- 
ment with Best and Macleod (3) as regards their preparation from 
the pancreas of the skate. It should be noted, however, that our 
statement applies to the product obtained from the pancreas of the 
ox and pig. Doisy, Somogyi, and Shaffer (4) state that the sub- 
stance isolated by them appears to be an albumose or a globulin 
since it is thrown down by half saturation with ammonium sul- 
fate and when separated by an isoelectric precipitation it gives a 
distinct biuret reaction, faint reaction with glyoxylic acid, and 
doubtful Millon's. Best and Macleod by their *'usual method” 
(presumably the original Collip method (5)) had not been able to 
produce an extract from the pancreas of the ox or pig which was 
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free of protein. That the protein is an impurity they infer from 
the fact that after precipitation with phosphotungstic acid and 
removal of the latter with ether and barium hydroxide the prepara- 
tion retained its power to cause hypoglycemia. Details of the 
method of preparing a protein-free extract of ox or pig pancreas 
which has been evolved in this laboratory will be found in a sub- 
sequent paper together with further discussion of its chemical 
composition. 

Physical Properties. 

1. Solubility . — Insulin has been obtained by us as a white or 
greyish white amorphous powder. In the living pancreas it seems 
to exist in such a combination with protein that it requires special 
means to effect its separation. The combination is readily soluble 
in acidulated alcohol, as the Toronto and St. Louis laboratories 
have fully demonstrated, and in acidulated water, as this labora- 
tory has sho\vn. Judging by Collip's method which employs 
alcohol alone, the acid is not absolutely essential to render the 
protein-insulin complex soluble, and in the perfusion work (6) 
which has been carried out in this laboratory weak alkali as well as 
weak acid sufficed to extract the complex. Distilled water which 
has been tried only with pig pancreas failed to remove it from the 
cells. It does not seem possible that the destructive action of 
trypsin is responsible for this failure, for both Clark (7) and our 
own group obtained insulin under conditions which were favorable 
to the action of trypsin if trypsin had been present. Several 
attempts to demonstrate its presence in perfusates failed. It is 
not impossible that either weak alkali or weak acid produces a 
soluble metaprotein with which the insulin comes out in close 
association if not in actual combination. Precipitation of the 
acid metaprotein by neutralizing the acid partially liberates the 
insulin, the exact end-point depending upon the amount of protein 
present (8). 

We have had but little experience with alcoholic extraction, 
hence we are not qualified to speak of the effects of different quan- 
tities of acid in this medium; but in aqueous medium we have 
nearly always obtained distinctly more potent extracts with 
0.2 N HCl than with any other strength, and this applies as well to 
the percolation method which will be described elsewhere (8). 
The best volume relations for ordinary extraction whether with 
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or without heat have been 4 volumes of the extracting liquid to 
unit weight of macerated pancreas. Associated with metaprotein 
as it is in these aqueous extracts or percolates the insulin then 
is definitely soluble in 0.2 n HCL 

The volume relation which gives the best result depends upon 
the amount of acid bound up and thus rendered inactive for the 
destruction of trypsin. In one extract (No. 58A) which was made 
by using only 1 volume of 0.2 n HCl so much of the acid was tied 
up in this way that trypsin was still very active and caused the 
death of a dog when it was injected subcutaneously. The autopsy 
finding was not unlike that already described for Dog 2 in our 
first paper^ in this series. Many other attempts to reduce the 
volume of acidulated water have failed and for the same reason. 
On the other hand, larger volume th^n four times the mass of 
macerated tissue and greater strength than 0.2 n HCl have not 
improved the yield. 

These observations on solubility apply to the first stage extrac- 
tion, a process which is by no means dependent upon simple solu- 
bility. As will be described elsewhere (8) the movement of the 
solvent, the temperature, and automatic filtration of the liquid are 
important factors. 

Further observations on solubility have been made on the 
finished product as it was prepared for many months for use 
with diabetic patients. This method which has not been described 
hitherto may lx* stated briefly at this point. It has some features 
in common with the procedure of Zuelzer (10) and the original 
method of Collip (5). 

Early Method of Purifijing Insulni — Pancreas of beef, taken directly 
from the slaughtered animals and trimmed hastily of extraneous tissue, 
was cut into small pieces and dropped at once into 0 2 N IICI, chilled to 
near the freezing point It w as brought to the laboratory m this condition, 
passed through a meat grinder, and distributed among the three jars of a 
bacteria grinder of the Army Medical School type Fresh 0 2 n HCl was 
added in jiroportion of 4 volumes to a unit weight of pancreas. The 
grinder was usually run overnight (12 to 18 hours). The next morning the 
finely ground “mash” was strained through cheese-cloth and squeezed as 
dry as possible by hand. The turbid fluid, containing many small particles 
of tissue and much protein in solution, was rapidly neutralized with stirring 


‘ Murlin, Clough, Gibbs, and Stokes (9), p. 269. 
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with N NaOH to pH of about 6.0. A heavy precipitate of the acid meta- 
proteins was obtained, and was removed by filtration through plaited 
filter paper. 

Alqohol, 95 per cent, was added to the filtrate in aipount equal to i to 
1 volume and the mixture placed m vacuum stills at an outside tempera- 
ture of 34 to 40°C Distillation continued, usually overnight, or, until 
the volume had been reduced to one-tenth the original The acidity was 
adjusted to a pH of approximately 6 0 and the resulting precipitate filtered 
off. The filtrate was dialyzed in thin parchment bags for 4 hours in run- 
ning tap water to remove the salt resulting from neutralization Any fat 
extracted was congealed by the cold tap water and was filtered off at this 
point. The clear filtrate was then treated with 4 volumes of 95 per cent 
alcohol for further precipitation of proteins After standing 1 day the 
product was filtered and concentrated once more in the vacuum still to 
one-fortxcth the original volume after the first neutralization 

The product obtained in this way, like the product obtained by 
Best and Macleod and by Shaffer and his colleagues, contained 
usually a trace of protein as shown by the biuret reaction. Steril- 
ity was insured partly by the last treatment with alcohol and in 
part by aseptic filtration into sterile vials. Tricresol was added 
to 0.1 to 0 2 per cent. This extract was given to diabetic patients 
(11) in Rochester Hospitals with very satisfactory results. 

By this method it was possible to recover in the final product 
from 100 to 200 rabbit units^ per 1,000 gm. of pancreas used. Ex- 
traction of the residues and precipitates with 80 per cent alcohol 
would sometimes add some 30 to 50 rabbit units to the yield. This 
total jdeld has been greatly increased by recent improvements 
(8) in the method of extraction. 

The spontaneous precipitation of insuhn from the final product 
was witnessed a number of times before Doisy, Somogyi, and 
Shaffer reported upon the isoelectric point, but no exact meas- 
urements of the H ion concentration had been made. Since 
that time we have confirmed the location of the isoelectric point 
in the product containing a small amount of protein at a range of 
pH 4 3 to 5.7 (electrometric). We dare not infer, however, that 
this is the isoelectric point of insulin itself. The solubility of the 

2 More than three times the clinical unit of the Toronto Laboratories. 
For a full discussion of the rabbit unit adopted in this laboratory see the 
paper by Clough, Allen, and Root (Clough, H. D , Allen, R S., and Root, 
E. W., Jr., Am J . Physiol,, 1923, Ixvi, 461 on A study of the rabbit as a 
test animal for determining the potency of insulin preparations. 
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purest product we have obtained will be discussed in a subsequent 
paper. For the present it is sufficient to say that if one wishes to 
obtain a large yield of insulin by the method described above or 
by the methods described recently by the Connaught laboratories 
(12) or by Eli Lilly and Company (13) it is necessary to avoid the 
range of acidity between pH 4.3 and 5.7 at any stage just preced- 
ing a filtration. These figures apply to beef pancreas under the 
conditions described. 

TABLE I. 

Effect on Potency of Heating to 80^C, for SO Minutes. 


Preparation 

No 

Stage 

Original test ^ 
Drop in gm per 
1(K) cc 

Reac- 
tion at 
time 
of heat- 
ing 

Subse- 

quent 

test 

Drop in 
gni per 
100 cc 

Remarks. 




pH 



108 X 

Final ex- 

0 068* 

7 2 

0 091 



tract 





108 y 


0 031 

7 2 

0 069 


122 (1) 

First fil- 

0 061 

5 7 

0 00 

Precipitate fil- 


trate. 

0 028 



tered off. 

122 (II) 


0 021 

5 0 

0 00 

U it 



i 0 037 




122 (III) 

u « 

! 0 00 

4 2 

0 00 

it it 



0 039 




123 

U (( 

0 071 (3 hrs ) 

4 3 

0 023 ; 

it it 



0 075 (3 ) 


0 024 

Potency re- 






covered. 

123 

First fil- 

0 042 (3 ) 

4 0 

0 078 

Turbid, not 


trate 




filtered. 

123 A 

n u 

0 042 

7 2 

0 064 

Precipitate fil- 





0 025 

tered off. 

123 B 

U it 

0 042 

6 2 

0 047 

a it 





0 067 



* Except where otherwise noted time is 2 hours. 


2. Thermostability . — The first evidence of the thermostability 
of the internal secretion of the pancreas is found in a publication 
by DeMeyer (14) in which he describes the effect of extracts of 
heated pancreas upon the formation of glycogen. This was 
followed by the observation of Waterman (15) in 1913 that the 
active substance contained in the blood of the pancreatic vein 
which diminished the disappearance of glycogen from the liver in 
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chloroform narcosis, was thermostable. Murlin and Kramer 
(16) the same year prepared a pancreatic extract in 0.2 n HCl 
which was brought to boiling temperature, then neutralized with 
sodium carbonate, and filtered. Injected into the vein of a de- 
pancreatized dog it stopped the excretion of sugar in a little over 
2 hours. Exactly the same process has been carried out in this 
laboratory a number of times within the past 2 years with marked 
effect (9), not only on the excretion of sugar but on the hyperglyce- 
mia as well. The reason for some earlier failures by this method, 
in all probability, was that the insulin was precipitated at the iso- 
electric point in the process of neutralizing. The range of reaction 
within which it is safe to heat the final water-soluble product to 
80°C. for I hour is shown in Table I. Tests are given on different 
fractions of three different extractions. The first (No. 108) 
represents the final product prepared by a method essentially 
like that described on page 323 The two fractions differ only 
in the length of time they were subjected to dialysis. Brought to 
a reaction slightly on the alkaline side of neutrality and heated, 
there was in both cases an apparent increase in potency. Prepara- 
tion 122 was tested in the first filtrate stage which contains a con- 
siderable amount of protein. Upon heating each fraction showed 
a marked precipitate which was filtered off before making the 
subsequent test. Since the reactions fell -within the range of the 
isoelectric precipitation the loss of potency is not due to heat but to 
the precipitation, hastened no doubt l)y the coagulation of proteins. 
Preparation 123 tested within this range of reaction likewise^ 
suffered a loss of potency and from the same cause. When the 
precipitate was extracted with 80 per cent alcohol a portion of the 
lost potency was recovered. Heated at a pH of 4.0 there was no 
well marked precipitate; hence it was not filtered. The potency 
seemed even to be increased. Heated at pH of 6.2 and 7.2 precip- 
itates formed, were filtered off, and extracted with alcohol, but 
no potency was recovered for the very obvious reason that none 
had been lost. The series proves plainly that heating to 80°C. 
for I hour does not destroy insulin and that this degree and dura- 
tion of heat may be used for pasteurization when necessary. 

Table II gives equally convincing evidence that heating to 75®C. 
in either 0.1 or 0.2 n HCl used as the extracting medium does no 
injury to the active substance and that heating to boiling in 0.2 
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N HCl may be borne as long as 20 minutes. The improved method 
of preparing insulin to be described in a later paper is based at the 
start upon these observations which are merely illustrative of 
many experiences in this laboratory. 


. TABLE II. 

Effect on Potency of Heating in Process of Extraction, 


Prepara- 
tion No. 

Previous treatment 

4 vole 
HCl 

Heating 

Rabbit test on 
first filtrate ♦ 
Equivalent doses 
Drop m gm per 

100 oc 



N 




129 A 

Ground 15 hrs. 

0 2 



0 035 

129 B 

“ 15 

0 2 

75 

Up to 

0 074 

129 C 

15 

0 2 

75 

i hr. 

0 070 

129 D 

15 

0 2 

75'*^ 

1 hr. 

0 030 

134 A 

15 

0 1 



0 033 

134 B 

15 

0 1 

75 

Up to 

0 040 

134 C 


0 1 

75 

i hr. 

0 050 

134 D 

15 

0 1 

75 

1 hr 

0 084 

133 A 

Not ground 

0 2 

75 

Up to 

0 076 

133 B 

« n 

0 2 

75 

i hr. 

0 050 

133 C 

n a 

0 2 

75 

1 hr. 

0 076 

133 D 

a 

0 1 

75 

Up to 

0 065 

133 F 

u u 

0 1 

75 

1 hr. 

0 056 

135 A 

it u 

0 1 

75 

Up to 

0 071 

135 B 

i( 

0 1 

75 

ihr 

0 056 

135 D 

it t< 

0 2 

75 

Up to 

0 074 

135 E 

a it 

0 2 

75 

i hr. 

0 069 

135 F 

it a 

0 2 

75 

1 hi 

0 084 

139 A 

it a 

0 2 

1 


0 051 

139 B 

U it 

0 2 

100 

Up to 

0 080 

139 C 

it it 

0 2 

100 

10 mm 

0 053 Con- 

139 D 

it a 

0 2 

100 

20 mm 

0 056 vulsions 

139 E 

a it 

0 2 

100 

1 

30 “ 

0 039 


* Neutralized to and tested at pll 4 1 


3, Dialysis , — The insulin molecule, if it be a chemical entity, is 
evidently one of considerable size for it withstands dialysis in thin 
vegetable parchment for many hours. Table III gives ample 
support to this statement. Dialysis overnight has uniformly 
resulted in some loss of potency, but continued only from 4 to 15 
hours it leaves the insulin behind and the shorter time suffices 
in most instances to remove diffusible salts. 



TABLE III 

Effect of Lhalyds upon the Potency of Extracts Given Subcutaneously to Rabbits and Diabetic Dogs, 


After dialys’s 

*<lojp 
jBSne po 

0 031 

0 041 

0 050 

0 058 

0 118 

0 153 

0 126 

Convulsions. 
Blood at 

0 021. Dog 
died. 

auiTx 

mm 

15 

15 

20 


%.ux\oui'Y 



- - 

bC ^ 

»0 ^ TSM ^ ^ 

r-H C C3 

^ ^ a-. 

^ OJ 

o 

OM 

^ S' 

OO QC Ot> ’Tf »o 

CO CO CO CO l>- OO G(Q 


CO CO CO CO 40 CO oo 
.J? CMCS|C<IC<ICX>C)CZ> 

{■muTu V 

CS| CO CQ CM CO CO 

CO CO CO 

-5 

^ ^ ^ ^ bC 

e 3 - - o 

PEh Q 

O^BQ 

CO CO »0 OO O 

CM CM ^ 

S ^ > 

o:: :: :: 5 O5 

0 

Before dialysis 

dojp 

jtjSne pooia; 

40 00 00 oc '!3:' CO 

C 0 » 0 l'-CM 40 < 3 > 1 '- 

0 CO 0 <0 T—t T—l r-H 

CO CO 0 CO 0 0> CO 

]TIA 

amix 

0 40 40 ^ 40 40 ‘O 
g CO »— 1 ^ ^ T-H CM 

_g CMCMi— iCO'«:f'ctH'«:ti 

^pinouiY' 

\ ^ co» 04 oco»oc:?co 

1^1—1 ^ CM 1— < ^ 


68(2) 

68(2) 

69 (2) 

69 (2) 

77 

84(2) 

85(3) 

^qSia^V 

CO CO 00 CO 40 CO CO 1 

-2’CMCMi^CM00<3>O 

^ 1 

l«raiu\r 

Rabbit 2 

“ 4 

“ 7. 

“ 3. 

Dog 32. 

“ 36 

“ 36 


CO CO eg i>- OS 

Oh ^ 

0 0 :: 5 ; :s 

0 CO 0 
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4 . Adsorption . — The following observations have been made 
upon the tendency of insulin to be withdrawn from solution by 
adhesion to solids in finely divided state. As already reported 
(9) we lost the potency from several preparations by attempting 
to clear them with Lloyd’s reagent and with animal charcoal. 
In addition to these recorded experiences there was one other with 
Preparation 38 (2) of an entirely similar nature to that acquired 
with Dog 3 on July 18, 1922. After standing for some hours in 
contact with animal charcoal which had been previously treated 
with 95 per cent alcohol for the purpose of rendering it sterile, the 
filtrate, previously proved to be potent, produced no effect with 
Dog 19. In fact the blood sugar rose from 0.191 in 3 hours to 
0.227. The extract at the time it ^vas treated with charcoal, 
however, was in this case acid in reaction, somewhere between 
0.2 and 0.25 n HCl, whereas in the previously reported case it was 
very faintly acid (pH of about 6.0). 

This observation is in line with the contention of Mathews 
(17) that adsorption is really a kind of chemical reaction — in this 
instance between the acid insulin and the alkaline salts of the 
charcoal. This appears to be borne out by another experience 
that when the insulin extract is neutral it is not adsorbed by animal 
charcoal. Preparation 73 A was prepared on Oct. 4, 1922, from 
press-juice from 2 kilos of beef pancreas. 300 cc. of this juice 
were treated with 1,200 cc. of 95 per cent alcohol. After standing 
overnight it was filtered and concentrated in a vacuum still 
nearly to dryness. The residue, a yellowish fatty material, was 
rinsed from the flask with ether and chlorofomi and separated 
from the fat solvents by the addition of water. It was found to be 
neutral in reaction. An equal volume of 95 per cent alcohol was 
then added and the whole concentrated to 50 cc. A small portion 
of this was filtered off aseptically and used for test on a rabbit. 
The remainder was thoroughly mixed with animal charcoal and 
left filtering overnight. Tested on a rabbit next day the filtrate 
which was neutral in reaction showed more potency (evaporation) 
than before treatment with charcoal. 

Preparation 125 was used also to demonstrate the ease with 
which insulin in aqueous solution may be removed from the solu- 
tion by various adsorbents. The procedure and tests are indicated 
in Table IV. 
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Other tests have shown that only a small part of the insulin is 
removed from the charcoal or kaolin by extraction overnight with 
80 per cent alcohol, whether applied neutral to litmus, acid to 
pH 4.1 with HCl, or distinctly alkaline with sodium hydroxide. 

The difficulty of separating insulin from protein is due in no 
small degree to its adsorption by this class of substances. Many 
times in this laboratory it has been found that after precipitation 
in aqueous medium a quantity of insulin could be washed out of 
the precipitate by means of 70 to 80 per cent alcohol. Likewise 
it has been found (8) impossible except occasionally in percolates 
to extract from macerated pancreas as much insulin per unit mass 
of the tissue as can be washed out by perfusion. The chief cause 
of this difference seems to lie in the greater percentage of protein 
found in the extracts as compared with the perfusates. Percolates 

TABLE IV. 

^ Adsoi ptxon Tests 

Lot 125, heated at 80°C for 1 hour, then concentrated in these fractions 
with alcohol. 


Fraction 

Concen- 

trated 

Tost on 
rabbit, gm 
drop 

Adsorbed at pH 4 1 
on 

Rabbit test 

Filtrate 

Hot water 
extract 

A 

1:16 

-0 072 

Lloyd’s reagent 

+0 013 

-fO 022 

B 

1 20 

-0 047 

Animal charcoal 

+0 006 

+0 013 

C 

1:20 

-0 053 

Kaolin 

-f 0 009 

+0 011 


Subsequent treatment with hot water did not suffice to remove the 
insulin even when passed repeatedly through the adsorbent. 


are intermediate in yield between perfusates and extracts as would 
be expected if the quantity of proteins present were the control- 
ling factor. For in perfusion the cells are not broken at all or torn 
apart; in percolation of ground pancreas they arc partly broken 
up; while in extraction, especially if stirring is employed, they are 
much more completely disintegrated and torn asunder, thus facili- 
tating the solution of proteins. 

Chemical Properties. 

L Development of Potency . — The hypoglycemic action of insulin 
varies with different conditions. Injected into a diabetic dog or 
normal rabbit in the form of the ^^first filtrate^' (see page 323) it 
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has often given no reaction, or at most, a very feeble reaction either 
on the blood sugar or D:N ratio the 1st day, but the next day or 

TABLE V. 

Development of Patency in First Filtrate. 


Preparation 

Reaction 

Condition 

Drop in blood sugar. 

No 

Mar 31 

Apr 2 

Apr 21 

Mar 31 | Apr. 2 

Dose » 10 gm pancreas 

120(1) 

N 

0 0062 

N 

0 0116 

Putrid odor 

-0 038 

Not given 

120(11) 

0 0101 

0 0123 

« a 

-0 042 

(( u 

120(111) 

0 0141 

0 0145 

All right 

-0 023 

-0 060 

120(111) 

Neutralized toO 0062 
(Apr. 2). 

i 

1 

i 

-0 067 


121(1) This lot was neutralized to 0 0141 N and filtered. The filtrate 


was tested at once and at intervals Reaction did not 
change. 


Date 

Condition of filtrate 

Test 

Dose * 10 gm pancreas 

Apr. 3 

Clear. 

-0 016 

4 

it 

-0 006 

5 

Turbid. 

-0 064 

—0 078 Convulsions. 

u 7 

1 a 

-0 080 

« 12 

Very turbid, precipitate 
in bottom of beaker, i 
yeast odor, filtered, 
(yeast and bacteria 
present). 



123 First filtrate, neutralized Apr 9 to 0 014 n and filtered The 

material was filtered overnight and tested daily. 

Apr. 10 Clear. -0 038 (2 hrs.) 

‘‘ 11 “ -0 071 (3 ) 

-0 075 (3 ) 

12 “ --0 057 (3 ‘‘ ) 

13 Slight turbidity, fungus —0 042 (3 ) 

growth present 

the next the same solution without change of reaction may yield a 
satisfactory test. This apparent development of potency has 
been witnessed repeatedly and is illustrated in Table V. Unless 
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otherwise stated the rabbit test denotes the drop in blood sugar 
per 100 cc. of blood in 2 hours. These crude filtrates can be 
administered to animals by subcutaneous injection as previously 
reported (2) without any apparent toxic effect provided the acid 
employed in extraction is sufficiently neutralized. When brought 
to a pH of approximately 4.1 (titration to phenolphthalein of 
0.014 normal) the filtrate after standing a few days (see Table V) 
becomes quite turbid and may show abundant growth of bacteria 
and yeasts without loss of potency to reduce the blood sugar. 
Even after the development of a strong odor of hydrogen sulfide 
the potency remains. 

2, Influence of Reaction on Potency . — The exact reaction to 
which the neutralization is carried after extraction in 0i2 n HCl 
has much to do with the development of the hypoglycemic reac- 
tion in rabbits. Table VI contains several instances in which this 
effect of reaction is shown. Neutralizing to a pH of 5.0 to 5.7 
(electrometric) or titration reaction to phenolphthalein of 0.005 
to 0.009 N usually yields a satisfactory test at once. But if car- 
ried not quite so far (pH of 4 1 to 4.4, titration to 0.014 to 0.011 n)® 
the test is usually low, as noted above, the 1st day. This reaction, 
however, is favorable to rapid filtration and yields the clearest 
filtrate. Readjusted after filtration to pH 5.3 the test is much 
improved. 

Concentration with alcohol as described on page 323 often 
develops the hypoglycemic reaction when it has been feeble or 
absent altogether in the first filtrate. Naturally the acidity 
increases in the process of distillation and it is probable that the 
stronger acid facilitates the liberation of insulin from the proteins. 
The tests, however, were made only after readjustment of the 
reaction to approximately pH 4 0, following dialysis for 4 hours. 
The dose given is equivalent in grams of pancreas represented, to 
the dose given as first filtrate, or to double this amount (Table VI). 
On the whole, first neutralization to pH 4.1 yields better results, 
notwithstanding the lower immediate test in the first filtrate, 
both because of more rapid filtration and because the acidity 
which develops in concentration liberates the active substance 

* The difficulty of reaching an exact end-point in the presence of a con- 
siderable amount of protein will be appreciated. The titration reactions, 
therefore, are approximate only. 
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better. This reaction also is well outside the isoelectrig point 
(see page 324). 

S. Stability . — Insulin seems to be a fairly stable compound. 
In its purest form we have yet to note any deterioration as judged 
by its hypoglycemic reaction in normal rabbits. Purified of 
proteins as far as this can be done by means of alcohol (see method 
on page 323) it has been kept for as long as 4 months. At the 
end of this time the reaction was 0.03 n HCl. The reaction at 
the start was not recorded, but there is no reason to believe it had 


TABLE VII 

Influence of Reaction on Stability. 


Preparation 

No 08 (2) 

Concentration 1 40 Three J oz bottles 

Fraction 

(1) 

(2) 

(3) 

Original acidity 

0 1 N HCl 

0 08 N HCl 

0 06 N HCl 

Acidity after 11 days 

0 097 

0 087 

0 063 

Rabbit tests 

—0 019 gm 

-0 063 (Con- 
vulsions ) 

-0 051 (Con- 
vulsions ) 


-0 040 “ 

—0 048 (No con- 
vulsions 

-0 043 

Preparation 

No 99 (2) Concentration 1 40 

Fraction 

(1) 

(2) 

(3) 

Reaction pH 

Rabbit tests after 

5 7 

6 7 

! 7 7 

1 wk . 

-0 094 

-0 030 

-0 041 


changed materially, as it was preserved with 0.1 per cent tricresol. 
In this form insulin does not appear to keep quite so well at a 
reaction of 0.1 n HCl as at a reaction of 0.06 n (Table VII). The 
lowest acidity at which it has been observed to keep well is pH 
5.7. At or above the neutral point there was distinct deterioration. 

4- The Chemical Nature of Insulin . — It must have occurred to 
many readers of the recent literature on insulin that it presents 
some physiological features in common with Hopkins’ (18) ^^gluta- 
thione’’ — that it might be a sort of activated glutathione concen- 
trated by some selective action of the islet cells. The method of 
extraction which had yielded the best results in our hands (19) 
proved quite unconsciously to us, to be similar in a general way to 
that employed by Hopkins in extracting his dipeptide from 
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animal tissues. The solubility of insulin, as obtained by acid 
extraction, in water and its nearly total insolubility in or^nic 
reagents like absolute alcohol and ether, and its greater stability 
in acid media than in alkaline are additional points of similarity. 
Crude aqueous solutions of insulin, like our ‘^first filtrate,^^ very 
readily undergo spoilage with liberation of abundance of hydrogen 
sulfide. Very naturally, therefore, we have repeatedly tried to 
demonstrate the presence of sulfur in the sulfydryl foim by the 
nitroprusside reaction. The purest product obtained as judged by 
the biological tests and by freedom from proteins has steadily 
refused to give this reaction even after exposure to nascent hydro- 
gen or to the reducing action of SO 2 . 

Heated with lead acetate and NaOH there is a slight browning 
of the fluid which perhaps indicates the presence of a trace of 
sulfur as an impurity. Certainly there is not a sufficient amoimt 
of sulfur in this pure product to account for the very large evolution 
of hydrogen sulfide from crude products. It must have its source 
in the proteins If sulfur is present in the oxidized form of a 
double sulfide the compound must be exceedingly stable. 

Insulin, therefore, is not a concentrated form of glutathione. 
Since the latter is present in all tissues examined by Hopkins and 
certainly is present in the fresh pancreas itself if a vivid reaction to 
nitroprusside may be taken as proof, it would scarcely be neces- 
sary in a compound whose chief function appears to be to prepare 
glucose for combustion. The observations of Macleod (20) and 
of Cori, Pucher, and Cori (21) on the influence of insulin on gly- 
cogen foimation indicate that it is essential here. The latter 
observers found that insulin would inaugurate the formation of 
glycogen in the rabbit’s liver when the free sugar of the liver is 
below its normal threshold. The observation of Winter and 
Smith (22) that insulin acting with some honnone in the liver can 
transfoim glucose of the ordinary variety into glucose which is, 
according to them, the form in which glucose probably occurs in 
the blood, gives strength to this conception. The mechanism of 
oxidation is already present in the tissues (glutathione) ; it requires 
a special product (insulin) with immediate access to the portal 
system to catch glucose as it enters the circulation and in coopera- 
tion with the liver to transform it into an oxidizable form. 

In a subsequent paper we shall report the results of analyses of 
the purest product which we have been able to obtain. 
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AQUEOUS EXTRACTS OF PANCREAS. 

III. SOME PRECIPITATION REACTIONS OF INSULIN. 

By C. P KIMBALL and JOHN R. MURLIN. 

{From the Physiological Laboratory of the University of Rochester j Rochester.) 

(Received for publication, September 5, 1923 ) 

Rapid preparation of insulin for medicinal purposes requires 
that a means be found of removing it from solution by some 
method more expeditious than that of drying. The previous 
study was convincing regarding the necessary conditions for 
rapid extraction. Avoidance of expense obviously favors an 
aqueous method, but the task of effecting the necessary concen- 
tration for use in human cases even by vacuum distillation is 
time-consuming. The present study was undertaken with a 
double purpose: (1) to find an inexpensive method of concen- 
tration and (2) to take the preliminary steps toward isolation of 
the pure substance. It was begun in October, 1922, and has been 
pursued as opportunity afforded the use of potent preparations 
not required for more urgent purposes. 

The results here presented should be regarded as preliminary, 
but will be found, we think, both reliable and consistent. They 
have led to the development of the improved method of prepara- 
tion to be described in a subsequent paper. 

The preparations used were the purest available by the methods 
in use up to April of this year. For the most part these methods 
varied little from that described in the previous paper (Paper II 
of this series). All these preparations gave the biuret reaction 
varying from feeble to vivid, and it is quite possible that the 
precipitation recorded in many instances is in part a reaction 
with protein as well as with the insulin itself. Nevertheless, 
the protein was the least in amount we were able to attain 
and can scarcely have been the only source of the precipitate, 
for many of the reagents which failed are well known protein 
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precipitants. Even if it were the sole cause, the reactions recorded 
should be of value in the evolution of other methods. 

The list of reagents which were successful fall into two general 
classes: organic and inorganic; but in presenting the results we 
shall subdivide the former into two divisions, the alcohols and 
other organics. The following were found to be wholly ineffective 
as precipitants or else proved to be impracticable as aids to a 
rapid method because of the difficulty of removing the excess: 
ethyl acetate, pyrogallol, tannic acid, benzene, formaldehyde, 
and carbon tetrachloride among the organic reagents available; 
and phosphotungstic acid, phosphomolybdic acid, uranium ace- 
tate, zinc sulfate, copper sulfate, ferric chloride, lead acetate, 
mercuric chloride, and potassium mercuric iodide among the in- 
organic reagents. 

Method of Procedure. 

In order to make the reactions more or less comparative a 
procedure as nearly uniform as possible was adopted. This 
consisted in adding a specific amount of the reagent, throwing 
down the precipitate by centrifuge, taking up in distilled water, 
and testing ks soon as possible on rabbits. The supernatant 
liquid was dried with or without dialysis, depending upon the 
nature of the additive, and similarly dissolved and tested (Filtrate 
in tables). The amount of material employed for test was equiva- 
lent, in grams of pancreas represented, to the amount of the 
original extract tested. 

Results. 

The results expressed by the tables do not include many little 
points of behavior which observed and noted at the time often 
are of more significance than the actual figures obtained. To 
record all these details at this time would be merely confusing. 
Only such results are given as there is good reason to believe 
would be of value in following up the use of the precipitant for 
purposes of isolation. Only preparations known to be potent are 
incorporated in the table. Many data had to be discarded because 
subsequent test proved the extract impotent or very weak. 

Mechanical difficulty has ruled out a number of substances 
not mentioned in the table. This difficulty is of two kinds: 
immiscibility of the extract and reagent and unusual difficulty in 
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TABLE L 

Precipitation Reactions with Alcohols. 


Reagent 

Vols 

Preparation 

No 

Blood sugar reaction 

Original 

Precipitate 

Filtrate 

Absolute alcohol 

5 

84(2) 

-0 045 

-fO 017 

-0 085 

U ti 

5 

75(2) 

~0 061 

-0 010 

-0 070 

Methyl 

5 

120(1) 

~0 056 

-0 033 

+0 003 

Absolute eth>l alcohol 
Methyl alcohol 

“} 

120(1) 

-0 056 

-0 057 


n-Butyl “ 

5 

lOlAB 

-0 076 

-0 075 

? 

U U 

5 

105 

-0 087 

-0 064 

+0 013 

Amyl 

5 

101 AIJ 

-0 076 

-0 082 

+0 003 

Absolute “ 
n-Butyl 

5\ 

4/ 

106B 

~0 028 

-0 030 

~0 003 

Absolute 


106 

-0 069 

-0 053 

+0 014 

n-Butyl 

5/ 




Absolute 

n-Butyl 

J) 

120(1) 

-0 056 

-0 056 


Absolute 

f} 

125 

-0 038 

i 

1 

-0 003 


n-Butyl 

5j 

1 


Absolute “ 

4 } 

106B 

-0 028 

-0 052 


Amyl “ 

4/ 





Absolute “ 

4 } 

108 

-0 069 

-0 039 


Amyl 

4 / 


Absolute “ * 

s) 

i 

125 

~0 038 ; 

-0 080 


Amyl “ i 

5 / 


Capryl ‘‘ . 

5 

i 

lOlAB 

-0 076 1 

i 

~0 005 


Absolute 

4 I 

106B 

-0 028 

-0 050 


Capryl '' 

4 / 


Absolute “ 

Isopropyl 

4} 

120(1) 

-0 056 

-0 041 
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TABiiE l--Concluded. 


Reagent 

Vole 

Preparation 

No 

Absolute 

alcohol . 

5\ 

120(1) 

n-Propyl 

It 

4/ 

Absolute 

it 

5\ 

119(111) 

n-Propyl 

it 

4/ 

Absolute 

it 

5l 

125 

n-Propyl 

it 

5/ 


Blood sugar reaction. 


Original. iPreoipitate 


-0 056 


-0 037 


-0 038 


-0 061 


-0 068 


~0 001 


Filtrate 


•f 0 002 


removing the excess of reagent. "The first of these has latterly 
proved far from a hindrance and indeed, a decided aid, for using 
materials on a larger scale, as in the precipitation with amyl 
alcohol, it is found that the precipitate will form an agglutinative 
layer between the aqueous and alcoholic layers, so coherent that 
both the liquids may be withdrawn without disturbing it. The 
difficulty of removing reagents on the other hand is more acute. 
While it would be going too far to say that many of the reagents, 
especially salts of the heavy metals could not be removed without 
destruction of the active principle, the present purpose of finding 
an easily removable reagent does warrant the classification of 
such as will not submit to dialysis or to evaporation under the 
heading of mechanical interference. Attempts to use salts of 
heavy metals such as lead and iron as precipitants of proteins 
instead of alcohol led to many discouragements at an earlier 
stage of our studies, mainly, it is supposed, because of the ad- 
sorbent properties of insulin (sec previous paper). 

1, Alcohols . — All the alcohols used give precipitation reactions 
with the insulin extracts. When the alcohol was added in the 
proportion of 5 volumes to 1 of the aqueous extract, making 83 
per cent by volume of the alcohol, the precipitation was rarely 
complete. Normal butyl and amyl alcohols are exceptions, 
both yielding in many trials, in addition to those shown in the 
table, all the potency in the precipitate. Adding first to the 
aqueous extract 4 or 5 volumes of absolute alcohol (making 80 
to 83 per cent) which in this proportion throws down but little 
of the potency, the insulin was ahnost invariably recovered in 
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the precipitate whatever the alcohol subsequently added. The 
two alcohols together made up approximately 90 per cent by 
volume. There seems to be something specific about the reaction 
of insulin with the alcoholic hydroxyl. In fact, the potency of 
the precipitate so obtained seems often to be distinctly augmented. 
The precipitate is invariably soluble in water with great ease. 

Because of its peculiar property to throw out insulin as an 
insoluble layer between the aqueous and alcoholic layers even 
when added in relatively small amoimt, amyl alcohol has become 


TABLE II. 

Precipitation Reactions with Other Organic Reagents. 


Reagent 

i 

Vol8 

Preparation 
No . 

Blood sugar reaction. 

Original 

Precipitate 

Filtrate 

Acetone 

5 

84(2) 

-0 045 

-0 034 

0 00 


5 

75(3) 

-0 061 

-f 0 038 

-0 009 


5 

87(3) ! 

-0 047 

-0 038 

-0 009 


5 

Same reprecipitated i 

-0 049 



5 

93(2) 

-0 067 

-0 120 

+0 004 

Ether 

5 

84(2) 

-0 045 

-0 031 

-0 053 

’ 

5 

75(3) 

-0 061 

+0 on 

-0 018 

Chloroform. 

5 

84(2) 

-0 045 

-0 013 

-0 004 

i 

5 

75(3) 

-0 061 

-0 015 

-0 001 

Toluene. 

5 

84(2) 

-0 045 

-0 003 

-0 029 

X^'lene 

5 

84(2) 

-0 045 

? 

-0 067 

Trichloroacetic 

5-3 per cent 

105 

-0 087 

-0 069 

+0 003 

acid. 

5-3 ‘‘ 

108 

-0 069 

+0 012 

-0 026 


5-3 “ « 

108 V 

-0 069 

-0 020 i 

-0 018 


5-2 5 “ 

120(111) 

-0 061 

-0 002 ‘ 



1-20 “ « 

125 

-0 038 

-0 039 1 



a favorite in this laboratory and it may be recommended on the 
following grounds: (1) its cost is approximately the same as other 
higher alcohols; (2) due to its high boiling point it is more effec- 
tively recovered by fractional distillation; (3) its precipitates are 
as potent as those of other alcohols; and (4) because of its slight 
solubility in water its addition to a 70 or 80 per cent ethyl alcohol 
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solution separates sufficient water to dissolve some salt and leave 
the intervening layer free from this impurity. Normal butyl 
alcohol which has some properties in common with amyl as regards 
its reaction with insulin has not proved quite so practicable in 
manipulation. 

2, Other Organic Reagents ,' — Acetone acts in many respects 
similar to the higher alcohols, but is not so dependable. More- 
over, it throws down a substance, soluble in 95 per cent alcohol 
which has a distinctly hyperglycemic effect. Our first observa- 
tion of this fact was made early in December, 1922, when an 
extract of beef pancreas in 0.2 n HCI, which had been purified 
of proteins partly by neutralization of the acid (metaproteins) 
and partly by precipitation with 5 volumes of 95 per cent alcohol, 
concentrated to one-tenth volume, defatted with chloroform, 
concentrated again with an equal volume of alcohol, dialyzed for 18 
hours, was precipitated with 5 volumes of c.p. acetone. After 
standing 4 hours this precipitate was caught on paper and washed 
thoroughly with 95 per cent alcohol. The alcohol was removed 
by vacuum distillation and the residual extract taken up in sterile 
water. Given by subcutaneous injection to two depancreatized 
dogs it raised the blood sugar in 3 hours as follows : 

Dog 1 . 0 380 to 0.590. 

Dog 2 . 0 140 “ 0 390. 

4 days later the material was tested on normal rabbits with the 
same, though smaller effects. That portion of the acetone pre- 
cipitate which was insoluble in 95 per cent alcohol contained an 
abundance of insulin. This observation has been repeated several 
times in all essential details. This hyperglycemic substance has 
been given the name glucagon and its properties will be described 
more fully in a later paper. It is mentioned here because by the 
method described above it has been separated also from cat’s 
muscle and from yeast. 

A series of experiments was conducted with acetone as a precip- 
itant with three equivalent portions, one made slightly alkaline, 
one neutral, and the third slightly acid. In those products which 
gave positive tests there was a very marked gradation first in the 
potency and second in the nitrogen content. The acidified portion 
yielded the most potent precipitate and had the lowest nitrogen 
content. 



C. P. Kimball and J* R. Murlin 


343 


Precipitation tests with ether, chloroform, toluene, and xylene 
were made with the object of determining whether these agents 
may not at times carry down a considerable amoimt of the insulin 
when employed for removal of fats. The tests here recorded 
confirm other observations made in this laboratory and emphasize 


TABLE III 

Effect of Reaction on Preci pitaiion by Acetone 





Blood sugar reaction j 

Nitrogen 
(in precipi- 

Extract No 

Precipitant 

Reaction or pH 



Original 

Potency of 



tate) 




potency 

precipitate 






per cerU 

98 (’2) 

Acetone 

Slightly acid 

-0 090 

-0 039 


98(2) 

1 

Neutral. 

, -0 090 

-0 039 i 


98(2) 

<< 

Slightly alkaline. 

' -0 090 

-0 023 i 

6 5 

99(2)A 

ll 

5 8 

-0 063 

I 1 
o o 

o o 
o 

4 26 

99(2)A i 

u 

6 7 

i 

~0 063 

-0 030l 
-0 023/ 

4 92 

99(2)A * 

n 

8 8 

-0 063 

1 

-0 04l| 
-0 053/ 

6 08 

103(1) 

ii 

5,7 

-0 046 

-hO 0071 
-0 008/ 

i 

10 3 

103(1) 

n 

6 7 i 

-0 046 

4-0 0041 i 
-0 003/ 

10 2 

103(1) 

n 

7 8 

-0 046 

4-0 0151 
-0 028/ 

10 0 

105 

It 

i 

5 7 

-0 087 

-0 017 


105 

u 

6 7 

-0 087 

-0 011 


105 

ti 

8 7 

-0 087 

-0 013 



the advantage of aqueous methods of extraction as against 
alcoholic. Xylene seems to be the least dangerous from this 
point of view, but it is not a particularly efficient fat solvent. 

The status of trichloroacetic acid has been and still is, diffi- 
cult to formulate. Its use in small concentration has seemed 
most hopeful, as the precipitate formed is very small in amount. 
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Unfortunately, however, this has not always contained potency. 
Accordingly, while its use is to be recommended the conditions of 
its application are far from determined. 

5. Salts . — Of the salts which are commonly used in salting out 
proteins, only ammonium sulfate and sodium chloride have ac- 
complished the desired results. The former has not in our hands 
given as encouraging results as Shaffer and his colleagues would 
lead one to expect. Sodium chloride has given excellent results. 
The first successful use of this reagent was by the addition of 9 
volumes of a saturated solution to 1 of the purified extract, but 
in order to avoid such large volumes of liquid, solid salt was 


TABLE IV 

Pre( ipitation with Salts 


Reagent 

Amount used 

1 

Preparation 

Blood sugdr reaction 



No 

Original 

Precipitate 

Aramonium sulfute 

saturation 

119(111) 

-0 037 

-0 024 


4 « 

108 X 

-0 068 

-|”0 079 


1^0 

119(111) 

-0 037 

-0 014 

Magnesium sulfate 

h 

119(111) 

-0 037 

-0 005 



119(111) 

-0 037 

No pre- 
cipitate. 

Sodium, sulfate 

i 

119(111) 

-0 037 

iO 00 


n “ 

119(111) 

-0 037 

-f 0 010 

Sodium chloride 

i 

119(111) 

-0 037 

+0 012 


H u 

1 0 

119(111) 

i -0 037 

-0 051 


Saturation 

125 

-0 076 

-0 084 



125 

-0 076 

~0 076 


added in quantity sufficient to saturate; t.e.y 35 gm, per 100 cc. 
The precipitation of insulin is complete. Filtrates have been 
repeatedly tested with negative results. As will be more fully 
discussed in another paper this reagent more nearly satisfies the 
object of this study than any other. It is inexpensive, is readily 
removed, but if traces are left it does no harm to the organism. 
When ammonium sulfate is not completely removed its injection 
may cause a hyperglycemic reaction. Sodium chloride up to 3 
per cent has not caused such a reaction. 
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A number of other instances of hyperglycemic reaction far 
beyond any experimental e^or have been encountered in the 
course of this work and especially in connection with the use of 
salts. One in particular is worthy of mention because we have 
not encountered its record in the literature of blood sugar studies. 
Using cadmium chloride in an attempt to remove lecithin from 
alcoholic extracts a certain filtrate containing the salt gave a rise 
of 339 mg. against an original drop of 96 mg. 

Inasmuch as the antidiabetic substance was not thrown out of 
solution by ethyl acetate, it was thought there might be a possi- 
bility of the latter having a solvent action. It was also possible 
that even if the insulin were not dissolved out, some impurity 
might be, and as the object of isolation is to remove impurities 
either in groups or piecemeal, the usie of any solvent is warran- 
table. The material extracted with ethyl acetate has given 
very conflicting results, the change in blood sugar ranging 
from —0.061 to +0.024. Hence, conclusions are not yet to be 
drawn. The amount extracted is small, but we have had the 
satisfaction of hoting the first distinct crj^stalline formation in 
connection with this work. Not only this, but there were three 
distinct types present. The first two of these possessed a yellow- 
ish color, probably due to an impurity in the ethyl acetate, for 
on washing with a small amount of the latter or with water, the 
yellow could be more or less removed The ethyl acetate itself 
on evaporation left a yellow oily residue but no crystals. After 
several weeks the crystalline structure disappeared and while it 
is not felt that there is yet evidence that any of these are pure 
insulin, it is nevertheless advisable to mention the fact of their 
presence. 

SUMMARY. 

By way of summary, it is perhaps best to draw up a list of the 
reagents usedasprecipitants and group them under these heads — no 
precipitate, interfering circumstances, negative (this tenn implies 
less finality than ‘^destructive'^, and positive, thus: 

No precipitate, Intei fenny circumstance 

Formaldehyde. Pyrogallol, 

Ethyl acetate Picric acid 

Benzene. Phenylhydrazine 
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Toluene. 

Carbon tetrachloride. 
Ferric chloride. 
Copper sulfate. 
Magnesium sulfate. 
Chloroform ? 
Positive. 

Ammonium sulfate. 
Sodium chloride. 
Trichloroacetic acid 
Acetone. 

Alcohol. 

Methyl. 

Ethyl. 

Isopropyl. 

w-Butyl 

Isoamyl. 

Caprylic 


Copper acetate. 
Basic lead acetate. 
Petroleum e^her ? 


Negative. 

Cadmium chloride. 
Phosphotungstic acid. 
Sodium sulfate. 

Zinc sulfate. 
Phosphomolybdic acid. 
Uranium acetate. 

Sodium acetate 
Mercuric chloride. 
Potassium mercuric iodide 
Bromine. 

Ether ? 


With regard to the properties of insulin as it has been observed 
in this laboratory, not much can be said. It is a white, amorphous 
powder probably insoluble in neutral water when pure. It gives 
no protein reactions of any kind, and the most potent that have 
been analyzed have had a low nitrogen content, 4 to 6 per cent 
dry weight. 
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% 

The qualitative tests most commonly used for acetone bodies 
in the urine are the sodium nitroprusside test and the ferric chloride 
test. These are usually regarded as selective tests for acetone 
and diacetic acids, respectively. In fact, few text-books on 
methods of analysis mention the sodium nitroprusside test as a 
test for diacetic acid, while some workers — Harding and Ruttan 
(1) and Hunter (2) — regard it as probably selective for diacetic 
acid alone Occasionally, in case reports these qualitative tests 
have been allotted an unwarranted quantitative significance. 
Both tests are known to be interfered with or rendered positive 
by other substances 

For these reasons and because there is contradictory evidence 
in the literature on the subject, we took the opportunity afforded 
in a metabolic stud}*^ of a series of cases of diabetes to make both 
qualitative and quantitative analyses on the same samples of 
many specimens of urine. In addition we have carried out certain 
experiments devised to throw light upon the selectivity, sensitivity, 
and quantitative significance of these tests, in some instances 
repeating the work of others. 

In 1882, Legal found that sodium nitroprusside in the presence of sodium 
or potassium hydroxide produces a ruby-red color in a solution containing 
acetone or creatinine. Comcidently, le Nobel (3) observed that if acetic 
acid is added to the solution before the base, the color changes to purple 
(sometimes spoken of as violet or a permanganate tint), and that this 
occurs only when the solution contains acetone; it is not produced by 
creatinine. 
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In 1908, Rothera (4) pointed out that ammonium hydroxide is more 
satisfactory than sodium or potassium hydroxide, and that the test is more 
sensitive in the presence of ammonium sulfate. 

Harding and Ruttan (1) investigated the sodium nitroprusside reaction 
and conclude that it detects diacetic acid rather than acetone; that since 
an aqueous solution of free acetone shows a less marked Legal reaction 
than does diabetic urine containing the same amount of acetone, there 
must be some other substance in diabetic urine which favors the appearance 
of the purple ring; that diabetic urine saturated with NaCl, and freed from 
acetone by aeration gives a positive sodium nitroprusside test to dilutions 
of 1 to 30,000 and a positive ferric chloride test to dilutions of 1 to 7,000. 
Hydrolyzed diacetic ester gives a positive nitroprusside test to a dilution 
of 1 to 80,000. 

EXPERIMENTAL. 


The following is the technique used. 

Sodium Nitroprusside Test . — Transfer about 10 cc. of urine to 
a test-tube and add 20 drops of the following solution. Glacial 
acetic acid, 10 cc., + 10 cc. of a 10 per cent solution of Na nitro- 
prusside. (This solution will keep well for at least 2 weeks in a 
brown glass bottle.) Shake the test-tube until the specimen is 
well mixed, and then layer on this 1 to 2 cc. of concentrated 
NH4OH solution. At the contact of the fluids, a purple ring 
appears. After standing 2 minutes, the reading is made and 
recorded. In order to standardize these readings roughly, we 
record them as follows: 


Trace 

+ 

+ + 
+ + + 
+++4- 


The ring is very faint. 
Small, but definite ring 
Large ring. 

Very large ring 
Heavy purple mass 


Fernc Chloride Test . — 10 cc. of a 10 per cent solution of ferric 
chloride (FeCb) are added to 10 cc. of urine, more is added, if 
necessary, to clear the precipitate. The color appears instan- 
taneously and the reading can be immediately made. For approx- 
imate comparison, the readings are recorded as follows: 


Trace Light brown. 

-f . . . . . Dark brown. 

4-+ . . . . Light burgundy. 

+-!“+ . ... . ... Dark burgundy. 

++++ Black. 
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Data Concerning the Selectivity of the Qualitative Teats, 

1. Acetoacetic ethyl ester gives a positive ferric chloride test and 
a negative sodium nitroprusside test. 

2. These two tests could not be made on butyric ethyl ester 
because it does not mix with water. Attempts to test the sub- 
stance when water was added and the mixture shaken gave 
negative results with each test. 

3. When applied to free acetone solutions^ the ferric chloride 
test is negative, even with chemically pure acetone (not acid to 
litmus). The nitroprusside test is positive. 

In order to be certain that this acetone solution contained no 
other acetone bodies, i.e, diacetic acid, we determined quantita- 
tively the content of acetone by Fol^i's method for free acetone 
alone, and by Van Slyke’s method for total acetone bodies, 
expressed in grams of acetone. These determinations were made 
on a 1 per cent by volume solution. The results follow. 

gm 

By Van Slyke’s method 0 674 

0 716 

Average . . . 0 695 

By Folin’s method . 0 698 

0 700 

Average .0 699 

A 0.1 per cent solution b;^ volume represents 1 cc. of acetone per 
liter. As 0.79 is the specific gravity of acetone, and the experi- 
ment was made at 25®C., 0.7 gm. of acetone is within the limits of 
error. Since the determinations of acetone by the two methods 
agree, it is obvious that no other acetone bodies, such as diacetic 
acid, were present in the solution. 

A 10 per cent solution by volume of acetone was kept for 2 
weeks in the ice box in a glass stoppered flask. The above qualita- 
tive tests were then repeated with the same results as before. 

4. Diacetic acid was prepared by hydrolyzing diacetic ethyl 
ester according to the method of Harding arft Ruttan (1). A 
little HCl was then added to the solution, to bring its pH approxi- 
mately to that of the average reaction of urine. This solution 
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was kept at room temperature in a closed flask and analyzed at 
intervals of a few days. 

The results of the analyses were as follows: 


1st day. 

Feme chloride test . + 

Nitroprusside test . . . . . . + + + 

Diacetic acid -f- acetone expressed as grams of acetone. 5 56 
Free acetone 0 29 

Diacetic acid (by difference of the two) 5 27 


All determinations were made in duplicate and checked within 
the limits of error of the methods. As 04 is the molecular weight 
of acetone, and 142, that of the ester, 13 gm. of ester expressed 

(j4 1 

in acetone will be equal to 13 X or 5.85 gm. Since the 

diacetic ester was roughly weighed, 5.50 checks well with the 
expected 5.85. 

Hydrolysis of ester was probably completed by the procedure 
of the Van Slyke method. 

On the 2nd, 3rd, 4th, and 5th days, the qualitative tests re- 
mained the same. On the 5th day, a sample was withdrawn and 
treated by Folin^s method for free acetone^ detenninations; that 
is, 10 drops of a 1 per cent solution of H3PO4, excess of NaCl, 
and a little kerosene were added, and the mixture was aerated 
for 40 minutes The (pialitative tests on this solution were as 
follows: 

Ferric chloride te^t -h (or coiisideiably decreased). 

Nitroprusside test . -h-f + ■1- (or increased). 

The solution was again aerated, but this time through a known 
amount of 0.1 n iodine solution, in order to test whether the first 
aeration period had been continued long enough to carry off all 
the free acetone. Some of the iodine was converted into iodoform, 
showing that some acetone still remained. The period of aeration 
was therefore repeated and iodine titration proved the absence 
of all free acetone. The qualitative tests were applied and found 
to be + for ferric chloride and +-!:+,+ for Na nitroprusside. 
The diacetic acid by quantitative analysis proved to be 2.75 gm. 
per liter, the original concentration having been 5.56 gm. per 
liter. 
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Thus we have a solution containing less than half the original 
amount of acetoacetic acid and no free acetone, and yet the 
qualitative test with sodium nitroprusside is stronger than in the 
original solution. This suggests that the nitroprusside test is posi- 
tive when diacetic acid alone is present But why there should be a 
more intense reaction with half as much diacetic acid present, 
was difficult to say. (See discussion under sensitivity of the 
tests.) 

In order to test further the selectivity of sodium nitroprusside 
for diacetic acid, we carried out the following experiments. 

Experiment L — A 100 cc. specimen of solution of hydrolyzed 
ester, withdrawn from the stock solution as it reached the 5th 
day of hydrolysis (see Table III), was boiled again under reflux 
condenser. T^e flask was not remoi^jfed from the reflux condenser 
until it had cooled. The volume of the fluid remained the same. 
Both qualitative tests were again negative. The solution con- 
tained acetone only, because Van Slyke’s method for diacetic 
acid + acetone showed 0.280 gm. per liter, and Folin’s method 
for free acetone showed 0.293 gm. per liter (that is, the same result 
in both determinations); hence all the diacetic acid had dis- 
appeared. If it was converted into acetone, most of this had 
disappeared too, because the concentration of free acetone re- 
mained unchanged, in spite of which fact the sodium nitroprusside 
test was strongly positive (+ + +) before boiling, and negative 
after boiling. This can only he explained by the disappearance 
of the diacetic acidy since the amount of free acetone left in solu- 
tion is too dilute to be capable of producing a positive nitro- 
prusside test. (See Table II.) 

Experiment 2. — A 50 cc. sample (accurately withdrawn with a 
pipette) of the specimen corresponding to the 5th day of hydrolysis 
was aerated for 40 minutes after adding 10 drops of a 10 per cent 
solution of H3PO4, excess of NaCl, and some kerosene in order 
to free the specimen from acetone (Folin^s procedure). 10 cc. 
were then pipetted for qualitative tests. 

Ferric chloride . . 0 (it was positive before aeration). 

Nitroprusside. . -f-f-fd- (it was only -f-b-f before aeration). 

The 40 cc. left were aerated again for 20 minutes, through 10 cc. 
of 0.1 N iodine solution. The excess of iodine was titrated with 
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0.1 N Na thiosulfate in the presence of starch, and showed no 
free acetone in the solution after the first aeration period since 
exactly 10 cc. of iodine were recovered. The total acetone bodies 
in the remaining solution were determined with Van Slyke^s 
method (5). The result was a concentration of 0.138 gm. per 
liter, which evidently represented nothing but diacetic acid (initial 
concentration of diacetic acid before aeration being 0.530 gm. 
per liter). Aeration has then removed much of the diacetic 
acid in addition to the acetone. What happens to the former, 
we do not know. However, the nitroprusside test is increased, 
at least not decreased, even when diacetic acid is decreased. 

That sodium nitroprusside detects diacetic acid is obvious from 
the fact that it remains positive, although quantitatively there 
is no free acetone left in solution. 

The purple ring in this solution, saturated with NaCl, instead 
of fading on long standing, as is usual, changes readily and steadily 
into a heavy, nearly black mass, as if the substance responsible 
for the positive test were gradually accumulating around the level 
of the ring in the test-tube. This, however, is not the case, 
because after standing 1 hour, the clear, colorless fluid at the 
bottom of the test-tube, beneath the level of the purple ring, on 
being pipetted out, poured into a fresh tube, and tested again with 
nitroprusside, showed a new ring, just as increasingly hesivy as 
the first one. 

We were not satisfied that these experiments showed that 
nitroprusside in contact with diacetic acid formed a purple ring 
in the absence of any trace of acetone; since we had added other 
substances to the solution, any one of several of which might 
clearly influence the test. In order to prove our assumption it was 
necessary, therefore, to repeat our experiment of this removal of 
all free acetone without the presence of any additional substances. 

The solution used was that of the 8th day of hydrolysis (see 
Table III). 25 cc. of this solution plus 25 cc. of H 2 O (both 
accurately pipetted) were aerated for 4 hours. The total volume 
remained 50 cc. at the end of the period of aeration. The ferric 
chloride test on this mixture gave a negative result (there was a 
trace before aerating) while the nitroprusside test gave a + 
reading (it was + + + before aerating). 
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gm perlUer 

Diacetic acid + acetone . . 0 056 

Free acetone (Folin^s method) . .... 0 

Diacetic acid . . . .0 056 

Hence, a 4 hour period of aeration is sufficient to remove all free 
acetone from a dilute solution in the absence of NaCl (less than 
4 hours did not remove all free acetone). However, the nitro- 
prusside test remains positive, and must be due to the small 
amount of diacetic acid present in the mixture (0.056 gm. per 
liter). 

In order to rule out the possibility that the procedure of the 
sodium nitroprusside test might decompose some diacetic acid 
into acetone sufficiently to render the latter responsible for the 
appearance of the purple ring, the following experiment was 
performed. 

A solution containing diacetic acid and acetone was saturated 
with NaCl and aerated through a known amount of iodine. The 
concentration of free acetone proved to be 0.402 gm. per liter. 
The same titration was repeated on a second sample of the solu- 
tion, but Na nitroprusside, acetic acid, and NHs were added in 
the same proportion as those for LegaFs test The color of the 
mixture became dark purple. It was left standing for | hour 
under kerosene, and then aerated through iodine. The titration 
showed a concentration of 0.395 gm. per liter. Hence, we con- 
clude that no free acetone is liberated from a diacetic acid solu- 
tion, when tested for ketone bodies with Na nitroprusside, acetic 
acid, and ammonia. Therefore, there is no doubt that diacetic acid 
alone may give a positive nitroprusside test. 

Data Regarding the Sensitimty of the Qualitative Tests. 

The intensity of the reaction of the ferric chloride test to dif- 
ferent dilutions of the diacetic ethyl ester, is given in Table I. 

The intensity of the sodium nitroprusside tests, obtained with 
various concentrations of pure acetone solutions, is presented in 
Table II. 

We conclude from this that a pure aqueous solution of acetone, 
free from diacetic acid, gives a nitroprusside test to dilutions of 
1 : 1 , 000 . 
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With diacetic acid solution, the sodium nitroprusside test 
showed a positive reaction to a dilution of 1 : ?0,000. At this 
grade of dilution, the ferric chloride test is not positive. 

It is interesting, moreover, to compare this with the findings 
on acetone solutions of Table II, which show that at the corre- 
sponding grade of dilution of acetone, the test is not positive. 
It is also serviceable to compare these figures with those found in 
a fresh specimen of urine, which contained no acetone, and some 


TABLE 1 


Concentration of acetoacetic ethyl ester 

Color reaction with FeCla. 

Symbol 

per cent 



0 1 

Yellow. 

0 

0 2 

Light brown. 

Trace. 

0 25 

Dark 

-f 

0 3 

u u 

+ 

0 5 

Light burgundy 

+ + 

1 0 

Dark 

+++ 

More than 1.0 per cent by volume. 

Black 

+ +++ 


TABLE II 


Solvent 


Dilution by 
volume 

H 20 

Normal urine 

Diabetic urine sugar-free 
and both acetone bodies 
tested negative. 

per cent 

0 0001 

0 

0 

0 

0 001 

0 

Very faint trace 

Very faint trace ? 

0 01 

0 

Trace 

Trace. 

0 1 

Trace. 

+ 

■f 

1 

+ 



10 


+ + + i 



diacetic acid (0.076 gin. per liter). Both qualitative tests were 
slightly positive. This would suggest that the limit of dilution 
for which a nitroprusside test is still positive would be about 1 to 
15,000, whereas, in our solution of pure diacetic acid, acetone- 
free, the dilution of which was greater (1 to 20,000), the nitro- 
prusside test was still definitely positive. Apparently, then, the 
Na nitroprusside test is less sensitive for acetone than for diacetic 
acid. 
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It was noted on page 361 that we had a solution ‘‘containing 
less than half the original amount of acetoacetic acid and no free 
acetone, and yet the qualitative test with sodium nitropnisside 
is stronger than in the original solution/' In the hope of 
learning the reason for this discrepancy, we repeated the experi- 
ment, using less diacetic ethyl ester, in order to obtain proportions 
of ketone bodies which correspoiid to the usual amoimts found in 


TABLE HI. 

Repeated Analysis, at 2 or S Day Intervals, of a Mixture of Diacetic Acid 
and Acetone Obtained by Hydrolysis of Ethyl Dtacetaie. 


1 

"S ! 

1 

Ferric chloride 
test. 

t 

0) 

•o 

1 

Total acetone bodies Ace- 
tone 4* diacetic acid ex- 
pressed as acetone (Van 
Slyke method). 

Duplicates of weights of pre- 
cipitates for 2 5 cc. of solu- 
tion. 

Free acetone (Folin 
method). * 

Duplicates of free acetone 
determinations 

Diacetic acid expressed in 
acetone Difference of 
total acetone bodies and 
free acetone. 




gm per 
liter 

gm. 

gm per 
liier j 


gm. 

1 

1 

4-+ + 

44 

0 720 

0.0365 

0 0352 

0 105 

0 10 

0 11 

0 615 

3 

4 

Dark 

brown. 

444 

^ 0 750 

[ 

! 

0 0380 

0 0372 

0 175 

0 187 

0 163 

0.575 

1 

5 

Trace. 

Light 

brown. 

444 

0 80 

1 

0 0398 

0 0406 

0 270 

Duplicated 
check 
within 1 
drop of 

0. In thio- 
sulfate. 

0 53 

8 

Trace 

444 

0 81 

0 0406 

0 0405 

0 270 

0 25 1 

0 29 

0.54 


diacetic urine, and also to detect definite changes in the intensity 
of the nitroprusside tests, which were always very intense (large 
purple ring) with the more concentrated solution just used. 
Exactly the same technique was followed for hydrolysis of the 
diacetic ester, but only about 1.5 gm. were us^ instead of 13 gm. 
After standing (slightly acidified because diacetic acid is more 
easily converted into acetone in an acid medium (6)) at room 



356 


Qualitative Tests for Acetone Bodies 


temperature for 24 hours, the characteristic odor of the ester had 
disappeared. The solution was allowed to stand for about 48 
hours and analyzed from time to time. The results are given 
in Table III. 

The content of free acetone has nearly tripled but the amount 
of diacetic acid has decreased, in spite of the fact that the total 
ketone bodies have increased in concentration. After the 5th day 
of hydrolysis, an equilibrium seems to have been reached, and as 
hydrolysis has proceeded, the ferric chloride test has diminished, 
and the nitroprusside test increased, a phenomenon commonly 
observed in diabetic urine. For example see Table IV. 


TABLE IV. 


Time. 

Ferric chloride test. 

Nitroprusside test 

Total acetone bodies 
Acetone 4* diacetic 
acid expressed as 
acetone (Van Sh he 
method). 

Duplicates of weights 
of precipitate. 

Free acetone (Fohn 
method). 

Duplicates of free ace- 
tone determination 

Diacetic acid exprested 
in acetone Difference 
of total acetone bodies 
and free acetone 




gm per 


gm per 






liter 

gni 

litn 


gm. 

Specimen of urine 








15 min. after 








voided 

+ 

+ 

0 25 

0 0124 

0 11 

0 10 

0 14 





0 0123 


0 12 


Same specimen 








24 hrs. later 

Trace. 

-f-f 

0 22 

0 0112 

0 125 

0 13 

0 095 





0 0104 


[ 0 12 



When the hydrolyzed solution of diacetic ester had reached the 
stage corresponding to the 3rd day of our chart (see Table III) 
a 100 cc. specimen was boiled under reflux condenser for 40 
minutes. This on being tested, when sufliciently cool, showed 
negative qualitative tests. Quantitative determinations showed 
0.24 gm. of diacetic acid per liter. Boiling had reduced the 
amount of diacetic acid to less than one-half, and it had also 
reduced the amoimt of acetone to about one-quarter of its original 
amount (notwithstanding the use of a reflux condenser), a result 
in direct disagreement with Harding and Ruttan^s assumption 
that the acetone is increased after boiling. This decrease in the 
amount of acetone present may account in a large part for the 
disappearance of the sodium nitroprusside test. 
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The disappearance of diacetic acid such as occurred in 
Experiment 2 on page 351 when its solution is aerated and satu- 
rated with NaCl, is rather puzzling. Since it exists only in the 
form of its esters, the properties of this compound are unknown. 
The literature gives scant information on the subject. The first 
hypothesis which we considered was that diacetic acid might be 
volatile like acetone and carried off by the current of air. There- 
fore, we saturated with NaCl a mixture containing 0.315 gm. of 
acetone per liter and 2.63 gm. of diacetic acid, and aerated it 
through 10 cc. of 0.1 n NaOH and finally through iodine. The 
titration of the iodine solution showed that the concentration of 
free acetone was 0.298 gm. per liter and the 10 cc. of 0.1 n NaOH 
were exactly recovered. The amount of diacetic acid left was 1.23 
gm. per liter. This experiment was repeated with the same 
result. It shows that diacetic acid is not carried off as such with 
the current of air, nor in form of a volatile acid into which it might 
possibly have been converted, in which case it would have neu- 
tralized part of the 0.1 n alkali. This procedure did not interfere 
with the quantitative determination of free acetone, which was 
all recovered except a trace. Nor can diacetic acid have been 
carried out in the form of acetone, because the free acetone quanti- 
tative determinations showed no increase. 

We have aerated a pure solution of acetic acid through a known 
amount of alkali, for a period corresponding to those of our experi- 
ments, in order to test whether acetic acid could be carried over 
by the current of air in appreciable amounts. It show^ed very 
definitely to be the case. If, then, acetic acid could have been 
formed from diacetic acid during the aeration process, it would 
have been caught by the O.l n NaOH solution, which in the 
experiment above showed no change. 

In order to ascertain whether NaCl, H3PO4, or kerosene had 
any effect on the diacetic acid, we performed the following 
experiment. 

A solution, containing 2.10 gm. of diacetic acid and 0.40 gm. of acetone, 
was saturated with NaCl; to this were added 10 gm. of a 10 per cent solution 
of HjP 04 and a little kerosene; the whole was left standing for J hour 
(with an occasional shaking). This mixture was not aerated; quantitative 
estimation showed that there remained 2.10 gm. of total acetone bodies in 
solution which corresponded to the initial diacetic acid, no free acetone 
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remained. From this it will be seen that the reagents added do not destroy 
diacetio acid. But subsequent aeration caused roughly one-half of the 
initial amount of diacetic acid to disappear. This is not carried off as 
diacetic acid nor acetic acid. 

In order to prove that it does not enter into a new compound, 
the following experiment was carried out. 

A sample of a solution of diacetic acid, acetone, and some ethyl diacetate 
containing 2.864 gm. per liter of total acetone bodies was saturated with 
NaCl, H 8 PO 4 and kerosene were added in the usual way, and the mixture 
was aerated for li hours. The total acetone bodies were now reduced to 
0 945 gm. per liter. The solution was hydrolyzed for 24 hours in the pres- 
ence of 0.7 per cent KOH. The concentration of total acetone bodies was 
again determined, and found unchanged 

Further information is needed to explain the disappearance of 
diacetic acid under the conditions of the experiment. 

It became evident from our experiments, particularly those in 
which aeration was used, that the sensitiveness of the nitro- 
prusside test was influenced by some of the substances used in 
the Folin free acetone determination, as well as by certain sub- 
stances present in urine, whether normal or pathological. The 
following experiment was performed in order to determine the 
responsible agent. 

Four test-tubes, each containing the same amount of a 1 per cent solu- 
tion of acetone (see page 349), were treated respectively as follows: 

To Tube I no additional substances were added 

To Tube II a few drops of a 10 per cent solution of H 3 PO 4 were added. 

To Tube III some kerosene was added and the tube shaken. 

To Tube IV sufficient NaCl was added to saturate it. 

Then the nitroprusside test was performed in the four tubes, which were 
subsequently allowed to stand for some time; the results are presented 
in Table V 

It is obvious that whereas H3PO4 had no effect at all on the 
the reaction, kerosene had slight influence, while the NaCl had 
an immediate and very pronounced effect. The ring changed 
immediately into a heavy purple mass. The fluid at the bottom 
of Tube IV was pipetted out, retested with nitroprusside, and 
showed a ring with the same intensity. NaCl tested alone in 
solution with the nitroprusside reagent gave an absolutely nega- 
tive result. 
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We finally diluted the 1 per cent solution of acetone with dis- 
tilled water and with a 10 per cent solution of NaCl, and applied 
the nitroprusside test. Our results are given in Table VI. 

When compared with the data of Table II, it becomes evident 
that NaCl intensifies the color, but does not produce a positive 
reaction at greater dilutions than those obtained with distilled 
water. If we remember that when the solvent is urine, the test 
stays positive until dilutions of 1 to 100,000 (by volume) it be- 


TABLE V. 


Time 

Tube I 

Tube II 

Tube III 

Tube IV. 

Immediately after the test was per- 
formed 

+ 

+ 

+ 

+++ 

J hr. later . . 


+ 

++ 

++++ 

i 

Trace. 

Trace. 

"FH — h 

++++ 

1 it u 

0 

0 


++++ 


T-VBLE VI. 


Dilution 

Solvent 18 water ! 
(see page 348). 

The solvent is a 10 
per cent solution 
of NaC^ 

1 per cent (by volume) 

“1“ 

+ + + 

0.1 “ “ ) 

Trace. 

4- 

0.01 '' ) 

0 

0 

0.001 “ « (« « ) 

0 

0 


TABLE VII 

Influence of Various Salts on the Sensitiveness of the Nitroprusside Test. 


i 

Test-tube 

Control 

I 

II 

t 

IV 

V 

Salt 

None 

NaCl 

(NH4)2S04 

MgSOi 

CHiCOOK ' 

K oxalate. 

Nitroprusside test 

+ 


+44 

+++ 

+4 + 

+++ 


comes clear that other substances than NaCl are present in urine, 
which increase the sensitiveness of the test or even produce the 
test. 

As it was probable that the peculiar behavior of NaCl in regard 
to the nitroprusside test might be similar to the influence of 
(NH 4 ) 2 S 04 , which had been noticed long ago by Rothera, we felt 
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it would be of interest to test various neutral salts in the same 
way as sodium chloride and ammonium sulfate had been tested. 
Six test-tubes, each of 20 cc. capacity, containing, respectively, 
4 to 5 gm. of various dry salts, were filled with a like amount 
(about 15 cc.) of the same specimen of diabetic urine. The 
nitroprusside test was performed on each specimen after time had 
been allowed for the various salts to dissolve. The intensity of 
the tests is given on Table VII. 

It can easily be shown that the influence of the salt is propor- 
tional to its concentration, with a maximum effect at saturation. 

The Quantitative Significance of the Qualitative Tests. 

Sodium Nitroprusside Test. — Where the technique given on 
page 348 is followed, no electrolytes being used to intensify the 
color reaction, the following approximations have been made 
from the data of qualitative and quantitative findings on 260 
specimens of diabetic urine. When the concentration of total 
acetone bodies expressed as acetone is less than 25 mg. per liter, 
the test is negative ; from 25 to 50 mg. the test may be positive or 
negative. When it is positive, it is either ^^Trace’^ or + 

It is often negative for 50 mg. per liter and positive for 25 mg. per 
liter. The testis irregularly ^^Trace,’’ or + for concen- 
trations, varying from 50 mg. to 0.5 gm. per liter. 

For concentrations of 0.5 to several grams per liter, absolutely 
no rule can be ascertained. The test may be + 

**+ + +” ‘'+ + + +,^' with no definite relation at all to con- 
centration of total acetone bodies. This is evidently due to the 
fact that the proportion of diacetic acid plus acetone to the total 
acetone bodies is very variable, and also that many conditions, 
especially salt concentrations, influence the sensitiveness of the 
test. 

Ferric Chloride Test. — Using the technique given on page 348 
on the same specimens of diabetic urine, for concentrations of 
less than 0.10 gm. of total acetone bodies per liter, the test is 
always negative. It is irregularly positive (slightly) or negative 
for concentrations varying from 0.10 to 0.40 gm. per liter of total 
acetone bodies. It is constantly, but slightly, positive (brown- 
mahogany) from 0.4 to 1.0 gm. of total acetone bodies per liter. 
It is definitely positive from 1 to 2 gm. per liter, and for still 
higher concentrations, it becomes almost black. 



E. J. Bigwood and W. S. Ladd 


361 


CONCLUSIONS. 

1. A solution of pure acetone gives a color reaction with sodium 
nitroprusside. 

2. A solution of diacetic acid, as free as possible from acetone, 
also gives a color reaction with sodium nitroprusside. 

3. Such a solution of diacetic acid gives a color reaction with 
ferric chloride; acetone alone does not. 

4. Electrolytes present in urine, especially NaCl, tend to in- 
tensify the color of the ring in the sodium nitroprusside test. 

5. Quantitatively, because of the many interfering substances, 
the tests as routinely done serve as only crudest approximations in 
indicating the amounts of acetone and diacetic acid present. The 
ferric chloride test appears to give results somewhat less eccentric 
than the nitroprusside test. 
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THE EFFECT OF DIET ON THE CONTENT OF VITAMINE B 
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At the present time there seems to be a consensus of opinion 
that the food factors commonly known as vitamines A, B, and C 
are not S 3 rnthesized in the organisms of the higher animals and 
that the latter are dependent upon exogenous food sources for the 
provision of their supply of essential vitamines. The probability 
of these assumptions is supported by considerable experimental 
evidence, particularly with respect to vitamines A and C. In a 
recent discussion of the subject Steenbock, Sell, and Nelson^ 
reviewed the data indicating that the rat can store the fat-soluble 
vitamine in large amounts in its tissues for further use. In their 
own experiments they demonstrated how the content of rat livers 
in vitamine A may vary with the previous dietary history of the 
animals. The hepatic tissue of rats reared on rations low in fat- 
soluble vitamine and fed at a level of 1 per cent of the food mixture 
was insufficient as the sole source of vitamine A, whereas in other- 
wise comparable trials the same percentage of liver tissue from 
rats reared on rations of normal fat-soluble vitamine content . 
sufficed. 

There is also considerable accumulated evidence that the pro- 
portions of the familiar vitamines found in cow's milk vary in 

• The expanses of this investi^tion were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash* 
ington, D. C. 

^ Steenbock, H., Sell, M. T., and Nelson, E. M., J. Biol, CAcm., 1923, 
Ivi, 327. 

363 


TSa JOUBNAL or BIOLOGICAL OBaMISTBT, VOL LVIII, NO. 2 



364 


Diet on Vitamine B Content 


correspondence with the fodder of the cattle in as far as the latter 
may have a widely varying content of vitamines derived from the 
plant sources employed.^ The significance of this for the thesis 
under discussion is emphasized by the fact that the proportions 
of most of the chemical constituents of milk tend to remain fairly 
constant for a given breed despite wide variations in feed. This 
may be attributed to the circumstance that an organism tends 
to uniformity in the case of products that are manufactured de 
novo therein; to greater variability in the case of substances which 
are transported or eliminated in proportion to their supply to the 
body. The vitamines seem to belong to the latter group. 

The question also arises as to how the supply of vitamine in 
the body may become depleted when there is a lack of it in the 
intake, and whether the different vitamines behave alike under 
these conditions. For example, is the vitamine “fixed^^ in the 
tissues, is it destroyed there in connection with the nutrient func- 
tions with which it may be involved, or is it lost to the body 
through the excretions? The answer to these inquiries may throw 
light upon the seemingly unlike needs of different species for the 
different vitamines. Thus the experience of investigators has 
given little, if any, convincing indication of the need for vitamine C 
in the rat if one may judge from the absence of symptoms of 
scurvy on a regimen upon which the guinea pig soon develop)S 
the disease. Parsons® has come to the conclusion that the appar- 
ent lack of susceptibility in the case of the rat is not explicable on 
the hypothesis that it does not need the antiscorbutic factor, but 
rather on the probability that the latter is retained in the rat 
organism even after feeding for a long period on a typical antiscor- 
butic diet. Other possibilities are, however, not yet exhausted. 

Steenbock, Sell, and Jones^ have become convinced that the rat 
• has little ability to store vitamine B. They investigated the ques- 
tion by ascertaining whether the previous condition of feeding, with 
respect to the vitamine B content of the ration, affected the capac- 
ity of young animals to survive on a vitamine-free regimen. We 

* The subject is discussed by Kennedy, C., and Butcher, R, A,, BioL 
Chem.f 1922, 1, 339. 

* Parsons, H. T., J, Biol. Chem., 1920, xliv, 587. 

* Steenbock, H., Sell, M. T., and Jones, J. H., J. Biol. Chem.j 1923, Iv, 
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have attempted to leam whether a typical storage tissue — the 
liver of the rat — shows variations in its content of vitamine B 
depending on the richness of the diet in this factor. The organs 
were removed from rats that (1) had lost weight and shown severe 
nutritive decline on a diet adequate except for the lack of vitamine 
B; or (2) had been kept on a wholesome mixed diet that promoted 
health and vigor. That normal liver tissue contains a liberal 
content of vitamine B has already been established.® 

The fresh livers were washed free from superficial blood, then com- 
minuted in a small mortar, spread on enamelled pans, and dried in a blast 
of air at about 50®C. The resulting product was ground fine and com- 
pressed into small tablets of the weight desired. 

The tests were made by noting tibe effects of feeding the dried 
liver tissues to young rats which were failing to grow on a diet 
lacking vitamine B. The standard unsupplemented food mixture 


consisted of 

per cent 

Casein . . .... . 18 

Starch . , . 54 

Butter fat . . . . 9 

Lard . . . . 15 

Salt mixture® . 4 


The liver tissue supplements to be tested as possible sources of 
vitamine B were fed apart from this standard mixture in doses 
ranging from 50 to 200 mg. per day. The outcome of these 
‘^curative” tests is best indicated in Chart 1. 

In every instance in the case of the liver from the well fed ani- 
mals a favorable response was obtained — sometimes with as little 
as 50 mg. per day of the dried tissue (Rat 8425). With 100 mg. 
growth at almost normal rate was secured, and with doses of 150 
to 200 mg. the effect was even more marked (Rats 8393, 8394, and 
8429). liver thus appears to be almost as good a source of vita- 
mine B as is an equal amount of yeast (Rats 8392 and 8436). 

The results following the use of livers from rats deprived of 
vitamine B are in strong contrast with the foregoing. Even with 

® Osborne, T. B., and Mendel, L. B , Biol. Chem.f 1917, xxxii, 309; 
1918, xxxiv, 17. 

• Osborne, T. B., and Mendel, L. B., J. Biol. Cheni*, 1919, xxxvii, 572. 
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Chart 1. Showing thfe effect of comparable daily doses of dried rat 
liver as sources of vitamine B upon the rate of growth of rats receiving an 
otherwise adequate food mixture as described in the text. During Period 1, 
no liver tissue whatever was supplied, so that all the animals failed to 
continue their growth. Beginning with Period 2, the vitamine B supple- 
ments were derived from the livers of animals respectively declining on 
diet lacking vitamine B (indicated by • ♦ m m • or thriving on a 
full mixed ration (indicated by The figures on the graphs 

indicate the daily dosage of dried Kver tissue. In some cases the animals 
were further tested, for the sake of comparison, by replacing the liver 
tissue with an equal weight of dried brewery yeast (for which many data 
have been reported by us (Osborne, T. B., and Mendel, L. B., /. BioL Chem,, 
1922, Hv, 739)). 
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the highest dosage — ^200 mg. — the outcome was unsuccessful, 
the rats either failing to make adequate gains or declining and 
dying (Rats 8580, 8753, 8744, 8746, 8748, and 8761). The con- 
trast in the same animal between the effect of the same daUy dose 
of liver from animals deprived of or adequately supplied with 
vitamine B is striking (Rats 8554, 8555, 8578, 8746, 8748, and 
8761). 

From the clear-cut outcome of this study the conclusion seems 
inevitable that when an adequate supply of vitamine B is lacking 
in the diet the store of this factor in the liver tissue, where it is ordi- 
narily found in abundance, becomes largely depleted. 




DIGESTION EXPERIMENTS WITH THE RAW WHITE 

OF EGG. 


n. THE DIGESTIBILITY OF UNBEATEN IN COMPARISON WITH 

BEATEN WHITES. 

By MARY SWARTZ ROSE and GRACE MacLEOD. 

(From the Department of Nutrition^ Teachers College^ Columbia University, 

New York.) 

(Received for publication, October 13, 1923.) 

In a previous communication^ experiments were reported on 
human subjects taking from ten to twelve raw egg whites per 
day as a part of a simple mixed diet. The average coefficient 
of digestibility for the protein of the whole ration was 82 per 
cent, from which that for the egg whites alone was estimated 
to be 80 per cent. The same ration with the eggs cooked showed 
a coefficient of 86 per cent for the protein of the whole ration, 
estimated as 82 per cent for the eggs alone. 

In these experiments there appeared to be better utilization 
of the raw whites when finely beaten than when taken with 
little subdivision. This point has been subjected to further 
investigation with the result that the differences between the 
two are less marked than they at first appeared. 

Six young women took the same ration as in the former experi- 
ment^ for two 3 day periods. In the first period the egg whites 


*Rose, M S., and MacLeod, G., J Biol. Chem.j 1922, I, 83. 
‘Protein content of the ration of this series of experiments: 


Food material 



Daily intake 

Protein (N X ft.25). 


gm. 

gm. 

Egg white 

375 

39 54 

Rice 

85 

6 56 

Saltines 

35 

3 35 

Lettuce 

85 

1.15 

Fruit juice 

600 

3.22 

Cream 

79 

1.51 

Butter 

39 

0.38 

Olive oil* 



Sugar 

50 



• Taken by only one of the group (33 gm. per day). 
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were subdivided as little as possible; in the second they were 
very thoroughly beaten. The data are given in Table I. 


TABLE I. 

Coefficients of Digestibility for Raw Egg Whites (Beaten and Unbeaten). 



Period I (egg whites beaten) 

Penod II (egg whites unbeaten). 

Subject 

N in feces 

Coefficients 
of digestibility. 

N in feces 

CoeffiQients 
of digest] bihty. 


X6 25 

Whole 

ration. 

Egg white 
only * 

X6 26 

Whole 

ration 

Egg white 
only.* 


gm 

per cent 

per cent 

gm 

per cent 

per cent 

G. C. 

5 13 

90 8 

92.7 

7 66 

86 2 

86 2 

A. E. 

7 95 

85 7 

85 6 

7 96 

85 7 

85 6 

H. F. 

10 55 

81 1 

79 0 

9 81 

82 4 

1 80 9 

D. H. 

5 34 

90 4 

92 2 

11 40 

79 3 

1 76 9 

E. H. 

4 87 

91 2 

93.4 

7 02 

87 4 

88 0 

G. S. 

7 63 

86 3 

86.4 

6 11 

89 0 

90 3 

Average. 

87 6 

88 2 


85 0 

84 7 


* Estimated by making the following allowances for loss in digestion of 
the other foods in the diet. 


per cent 

Rice and lettuce . . . 17 

Fruit juice ... 15 

Saltines . . . . 12 

Cream and butter . 3 


TABLE II 

Differences between Coefficients of Digestibility of Beaten and Unbeaten Raw 
Whites of Eggs in Favor of Beaten Whites. 


Subject 

Period I 

For w hole ration 

Period II 

For egg whites only (estimated) 


per cent 

per cent 

G. C 

+4 6 

+ 6 4 

A. E 

0 0 

0 0 

H. F. 

-1 3 

-1 9 

D H. 

+ 11 1 

-f 15 3 

E. H 

“|-3 8 

4-5 4 

G. S. 

-2 7 

-3 9 

Averaee 

4-2 6 

6 


In one case there was no apparent difference in the utilization 
of the unbeaten as compared with the beaten whites; in two 
cases the unbeaten whites showed a higher coefBicient than the 
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beaten; in only one case was there a markedly better utilization 
of the beaten whites. Computed for the ration as a whole, the 
average difference in the coefficients of digestibility was 2.6 per 
cent, in favor of the beaten whites; for the whites alone, 3.6 
per cent, the returns of the individual cases being as shown in 
Table II. 

SUMMARY. 

Finely subdivided raw egg whites tend to be utilized somewhat 
more completely than those taken without any subdivision 
whatever, though one-half the cases showed as good digestion 
of the unbeaten as of the beaten whites, if not better. In only 
one case was there a marked difference in favor of the beaten 
whites. 

In twenty-two experiments with r0w white of egg, the average 
coefficient of digestibility for the protein of the whole ration is 
84 per cent (estimated as 83 per cent for egg white only); in 


TABi^ nr 

Range of Coefficient of DigeMibihty of Protein of Whole Ration, 


Egg white 

No of cases 

Range of coeffi- 
cients of 
digestibility. 

Cooked 

10 

per cent 

81 8-90 6 

Raw (all cases) , 

22 

75 7-91.2 

“ beaten j 

9 

81 4-90 8 

unbeaten 

9 

75 7-89 0 


ten experiments with cooked whites, 8G per cent for both ration 
as a whole and cooked whites only. The range in the different 
experiments is shown in Table III. 

It will be readily seen that the range for cooked whites and 
for raw beaten whites is practically the same; while for raw un- 
beaten whites it is somewhat lower. 

We take this occasion to acknowledge the criticism of Wolf 
and Osterberg^ that they were quoted incorrectly in our former 
paper. Owing to the error of a copyist, which we greatly regret^ 
they were reported as having had two experimental periods on 
raw white of egg whereas they actually had only one, in which 
the loss of nitrogen in the feces was 41 per cent. 

» Wolf, C. G. L., /. Biol Chem., 1922, lii, 207. 




A NEW SULFTO-CONTAINING AMINO-ACID ISOLATED 
FROM THE HYDROLYTIC PRODUCTS OF PROTEIN. 

II. SULFUR EXCRETION AFTER INGESTION. 

By J. HOWARD MUELLER. 

{From the Department of Bacteriology ^ Harvard Medical School^ Boston.) 

(Received for publication, October 11, 1923.) 

An amino-acid, which apparently has the formula C 6 H 11 SNO 2 , 
has recently been isolated by the writer from the hydrolytic prod- 
ucts of several proteins, and described.^ Considerable evidence was 
adduced tending to show the substance to be a primary cleavage 
product of protein, but, pending the determination of its structure 
and a further study of its properties, the question was considered 
to be unsettled. In order to throw additional light on the source 
of the compound, a few experiments have been carried out in 
which, after the ingestion of 0.5 to 1.0 gm. of the material, the 
urinary sulfur has been determined. 

It is evident from Tables I to V that the sulfur is easily split 
out of the compound and oxidized by the body to the form of 
inorganic sulfate, since in its original form it would, of course, 
appear in the results as unoxidized or neutral sulfur. The single 
experiment in which nitrogen was determined indicates that the 
results cannot be explained as a possible stimulation of metabo- 
lism with a breaking down of sufficient body protein to account 
for the extra sulfur, for in that case the nitrogen excretion should 
have been almost doubled. 

Had the increase appeared in the neutral sulfur fraction, indi- 
cating the excretion of the compound in an unchanged condition, 
it might have indicated that one was dealing with a compound 
foreign to the body and, therefore, not a primary cleavage product 
of the protein molecule. However, since oxidation of other than 
naturally occurring substances may often be affected in the body, 

* Mueller, J. H., J, BioL Chem,, 1923, Ivi, 157. 
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the results merely strengthen the other evidence, mostly indirect, 
already presented tending to show that the compound may be a 
primary product of protein digestion. 


TABLE I. 


Experiment 1. 

Control. 


Period 

Sulfur in period. 

Inorganic SO4 

Ethereal SO4. 

Neutral S 


mg 


mg. 

1 

19 8 

0 6 

5 4 

2 

19 1 

2 1 

6 0 

3 

15 9 

2 3 

5 0 

4 

15 7 

2 1 

5 5 

5 

10 6 

2 0 

3 5 


Control. 


TABLE II 
Experiment 


Sulfur m period 


Period 



Inorganic SO4 

Ethereal SO4 

Neutral 8 


mg 

mg 

mg. 

1 

16 5 

1 5 

4 8' 

2 

19 3 

1 8 

4 9 

3 

16 5 

2 0 

5 7 

4 

16 6 

2 3 

6 5 

5 

16 6 

2 8 

8 0 


TABLE III 
Experiment S. 

0.5 gm of C 6 H 11 SNO 2 taken at end of third period. 

Sulfur in period 


Period 



Inorganic SO4 

Ethereal SO4. 

Neutral S 


mg 

mg 

mg. 

1 

17 0 

1 5 

7.7 

2 

13 2 

1 8 

6 9 

3 

17 2 

2 4 

6 3 

4 

24 6 

0 5 

6 4 

5 

22 7 

0 9 

6 5 


EXPERIMENTAL. 

The urine was collected in hourly periods beginning in the morn- 
ing without eating breakfast, and no food was taken during the 
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course of the experiment. After collecting two or more specimens 
to determine the normal rate of excretion, the amino-acid was 
swallowed, dissolved in a little water, and the collection of speci- 
mens continued for several hours. The three forms of urinary 
sulfur were determined by the benzidine method of Fiske^ and 

TABLE IV. 

Experiment 4 . 

1.0 gm. of CsHiiSNOs taken at end of fourth period. 


Penod 

Sulfur in penod. 

Inorganic SO4 

Ethereal SO4 

Neutral S 


mg 

. mg . 

mg 

1 

15 2 

1 1 

4 1 

2 

15 5 

.. 1 1 

3 6 

3 

13 9 

1 3 

3 8 

4 

14 5 

2 2 

4 9 

5 

17 3 

1 7 

4 8 

6 

28 7 

1 3 

5 4 

7 

30 5 

1 4 

5 2 

8 

30 3 

1.5 

4 4 


TABLE V 
Experiment 5, 

1 0 gm. of CftHiiSNOa taken at end of second period. 


• 

Period 

Sulfur in penod. 

Nitrogen 
in penod. 

Inorganic SO4 

Ethereal SO4 

Neutral S 


mg 

mg 

mg . 

gm 

1 

23 4 

1 1 

5 6 

0 57 

2 

19 5 

1 4 

5 5 

0 52 

3 

25 0 

1 5 

7 4 

0 55 

4 

31 4 

2 0 

6 1 

0 48 

5 

39 4 

0 7 

7 3 

0 56 

G 

41 4 

1 5 

5 4 

0 50 

7 

34 6 

1 7 

6 5 

0 54 

8 

34 2 

2 0 

6 9 

0 49 


the total amounts of the different types calculated for the period. 
In one experiment total nitrogen was also determined by the Kjel- 
dahl method. Two experiments are included, in which no sulfur 
compound was taken, to serve as controls on the others. 

The results are presented in Tables I to V. 

* Fiske, C. H., J. Biol, Ckem.f 1921, xlvii, 69. 




NOTES ON THE ETHER EXTRACT OF FECES. 


By ARTHUR D. HOLMES 

{Prom the Office of Home Economics ^ States Relations Service^ Washington,) 
Am) ROBERT H. KERR. 

{From the Meat Inspection Laboratories, Bureau of Animal Industry, United 
States Department of Agriculture, Washington,) 

(Received for publication, October 1, 1923 ) 

In connection with studies of the digestibility of some 50 
edible fats carried on in the Office of Home Economics of the 
United States Department of Agriculture, two distinct but closely 
related questions have arisen regarding the nature of the ether 
extract of feces. One is whether the usual method of extracting 
feces with ether involves any serious error because of the presence 
of fatty soaps; the other is, how the fat of the diet compares in 
nature with the ether extract of the feces, or as it is ordinarily 
called, the fecal fat. The present paper brings together data 
bearing on these two questions. 

Methods of Determining Fat in Feces, 

It has been generally believed that in the metabolism of fats 
a portion of the unutilized fat is excreted in the form of soaps. 
The amount of unutilized fat thus excreted has not been considered 
large enough to be significant, and the common method for deter- 
mining fat in feces by extraction with ether does not make any 
allowance for such fatty soaps, which are little affected by this 
solvent. 

In considering methods to be followed in the Office of Home 
Economics, it became necessary to ascertain the extent of the error 
involved by disregarding the soaps; therefore, the ether extraction 
method was supplemented by one designed to recover the soaps as 
well as the ether-soluble fat. Of various procedures, the one 
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proposed by Folin and Wentworth* is perhaps the best known, and 
was adopted in these tests. It consists essentially in extracting 
the sample of air-dried feces for 20 hours with an ethereal hydro- 
chloric acid solution containing 10 per cent acid, and in further 
extracting with petroleum ether the fatty material remaining 
after evaporation. 

Five fats were studied and the coefficients of digestibility ob- 
tained are given in Table I. 


TABLE I. 

Coefficients of Digestibility Obtained by Two Methods of Determining Fat 

in Feces. 





Coefficients of digestibility. 

Laboratory No 

Subject 

Fat studied 

Ether 

extraction 

method 

Folin- 

Wentworth 

method 

56 

E S. M. 

Lard 

per cent 

94 5 

per cent 

95 3 

86 

I. B B. 

Butter. 

95 3 

95 8 

264 

R. L. S 

Goose fat. 

96 5 

97 0 

275 

D G S. 

Chicken fat 

93 5 

94 1 

305 

P. E M. 

Egg yolk fat. 

92 1 

92 6 


It will be noted that the coefficients obtained by the ether extrac- 
tion method are slightly, but consistently, lower than those ob- 
tained by the Folin-Wentworth method. This is contrary to 
what would be expected if any appreciable amount of soap were 
present in the feces. However, the differences in the results 
obtained by the two methods are less than those obtained from 
feces of a single subject eating the same diet during different test 
periods. 

Nature of Ether Extract of Feces. 

The ether-free residue obtained from the ether extract of the 
feces was ordinarily very dark brown or black, very viscous, 
and, in some instances, solid at room temperature. The odor 
was pronounced and with one exception uniform. In the case of 
diets in which relatively large quantities of cocoa butter were 
consumed, the resulting feces and the ether extract of the feces 

» Folin, 0., and Wentworth, A. H., J. Biol. Chem.f 190^10, vii, 421. 
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had a pronounced pleasant odor of chocolate fat. In general, 
however, regardless of the subject, the kind of edible fat under 
consideration, or the method of extraction, the material extracted, 
as far as could be judged from physical appearance, seemed to be 
uniform. The work of Hill and Bloor^ also indicates a continuous 
output in the feces of “fat,'’ the composition of which is constant 
and independent of the diet. 

Experiments with Fecal Fat. 

In order to obtain more information concerning the nature of 
the so called fecal fat, examination was made of the ether extract 
from feces resulting from tests with three typical fats of high 
digestibility, goose fat and oleo oil for animal and corn oil for 
vegetable fat. The feces, furnished by the several subjects in the 
experiments on each fat, were carefully mixed before extraction, 
so that any individual peculiarities would be offset as far as 
possible. 

It was noted that the dark, viscous residue from the ether- 
extracted material obtained from feces resulting from these fats 
was not completely redissolved in petroleum ether. The conclu- 
sion drawn was that the ether had extracted from the feces some 
substance, or substances, which would not have been extracted by 
the petroleum ether. Accordingly, similar samples were extracted 
with petroleum ether under identical conditions, the petroleum 
ether was volatilized, and the residue placed in contact with fresh 
petroleum ether. In this case also, it was found impossible to 
redissolve the entire residue in petroleum ether, although it had 
previously been in solution, or suspension, and had, at any rate, 
passed through filter paper, or alundum extraction filters, or 
both. 

Table II summarizes data obtained from the tests reported in 
this paper. 

A comparison of the iodine number and the saponification value 
of the fecal fat with the iodine number and saponification value of 
the natural fat shows the ether extract of the feces to be a quite 
different substance from the fat that was ingested. 

* Hill, E., and Bloor, W. R., J. Biol. Chem., 1922, liii, 171. 
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An examination of the ethereal extract of the feces from the oleo 
oil digestion experiments gave the results which follow: 

per cent 

Total unsaponifiable matter ... 42 80 

Insoluble in alcohol or in ether 24 18 

Soluble in alcohol and in ether 18 62 

Fatty acids 53 45 

The portion of unsaponifiable matter insoluble in alcohol was 
dry, powdery, odorless, and of a light brown color. It did not 
melt when heated, but burned quietly and without fiame, first to 
a char, and finally to a clean white ash. This material thus 


TABLE II 

Results of Chemical Examination of Fecal Fat. 






Chemical characteristics. 


Kind of fat 

No of 
experiments 

Coefficients 

of 

digestibility 

Natural fat 

Fecal fat 


Iodine 

number 

Saponi- 

fication 

value 

Iodine 

number 

Saponi- 

fication 

value 

Goose fat 

7* 

per cent 

95 2 

68 53 

194 76 

28 57 

159 11 

Oleo oil. 

8t 

98 8 

44 31 

207 27 

27 93 

146 17 

Corn 

7t 

96 9 

123 10 


34 26 

108 60 


♦ Langworthy, C. F , and Holmes, A. D , C/ S Dept. Agric.y Bull 501 , 
1917, 6 

t Holmes, A. D , C/ S Dept. Agric , Bull 613, 1919, 12. 

I Holmes, A. D., U. S. Dept. Agric., Bull 687, 1918, 3. 

appeared to be not fat, but a portion of the solid constituent of 
the feces, mechanically carried through the filter in finely divided 
condition. The percentage of unsaponifiable material soluble in 
alcohol, which is many times greater than is normal to oleo oil, 
may be accounted for by the presence of coprostcjol and choles- 
terol, which are known to be normal constituents of feces. 

The iodine and saponification numbers also show the composi- 
tion of the extract to be widely different from that of the diet fat. 
These constants are, it is true, affected to a large degree by the 
presence of the unsaponifiable matter. That this does not wholly 
account for the difference is shown by the iodine number of the 
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fatty acids, which was found to be 35.18 instead of approximately 
50 as it should have been for an oleo oil of iodine number 44. 

Referring to the tests with com oil, it has been assumed that 
the 16.54 per cent of the ether extract of the feces, which does not 
appear as unsaponifiable matter soluble in ether or fatty acids, 
consists principally of the undissolved solid matter similar to that 
referred to in connection with the experiments with oleo oil. 

Examination of the ether-soluble unsaponifiable matter showed 
it to consist largely of coprosterol. This was identified by crystal- 
lization from 80 per cent alcohol. Characteristic needle-shaped 
crystals melting at 94.8°C. were obtained. There was also present 
another body, evidently either cholesterol or sitosterol, but not in 
suflicient amount to permit identification. 




FAT-SOLUBLE VITAMINS. 


XVI. STABILITY OF THE ANTIRACHITIC VITAMIN TO 
SAPONIFICATION.* 

By H. STEENBOCK, J. H. JONES, and E. B. HART. 

(From the Department of Agricultural Chemistry y University of Wisconsiny 

Madison ) 

(Received for publication, October 22, 1923.) 

Three years ago Steenbock, Sell, Nelson, and Buell presented 
data before the American Society of Biological Chemists showing 
that vitamin A, then spoken of as the fat-soluble vitamin, was 
resistant to drastic saponification as carried out by boiling with 
20 per cent alcoholic potassium hydroxide (1). With the recogni- 
tion that rickets can be prevented by a substance which, like vita- 
min A, is soluble in fats, the most obvious thing to do was to deter- 
mine if this principle was likewise stable to such treatment. These 
experiments were carried out in the spring of 1922 with the particu- 
lar object in mind of ascertaining if the antirachitic property like 
the antiophthalmic property was resident in the same or in differ- 
ent compounds. It was found (2) in confirmation of experiments 
by Zucker, Pappenheimer, and Barnett (3), whose efforts in this 
direction were entirely unknown to us, that the antirachitic 
vitamin is very resistant to destruction by strong alkali. In the 
meantime it has-been shown by McCollum, Simmonds, Becker, 
and Shipley (4), Steenbock and Nelson (5), and Steenbock, Hart, 
Jones, and Black (6) that vitamin A is distinct from the antira- 
chitic vitamin. In this light the presentation of our results in 
detail in this paper may appear gratuitous were it not for the fact 
that we anticipate that there are those who may still be skeptical 
of the conclusiveness of the evidence after reading the preliminary 
papers by Zucker and ourselves. 

* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station, Madison. 

383 



384 


Fat-Soluble Vitamins. XVI 


EXPERIMENTAL. 

Our results were obtained by experiments on dogs. As a pre- 
liminary, experiments were also carried out with rats to determine 
to what extent saponified cod liver oil is equivalent to the unsa- 
ponified material in supporting growth, because obviously it was 
necessary to have some measure of the comparative value of the 
two to determine the amount to be administered. 

That vitamin A is stable to mild treatment with weak alkali 
in the cold was shown by McCollum and Davis (7). They took 
butter fat in alcohol-petroleum-ether solution and allowed it to 
stand mixed with a solution of alcoholic potassium hydroxide until 
^ 'saponification was complete. The soaps were then freed from sol- 
vent, taken up in water, and the unsaponified materials taken up in 
ether-olive oil solution. The olive oil freed from ether was found 
efficient as a source of vitamin A. Unfortunately, McCollum and 
Davis did not make a test to determine if saponification was com- 
plete other than merely by the appearance of the mixture. Steen- 
bock. Sell, and Buell (8), and later Steenbock, Nelson, and Hart (9) 
showed that very drastic treatment with strong alkali in the hot 
does not destroy it, even though the fats are completely saponified. 
The saponified cod liver oil used in the present experiments was 
prepared by the former method of saponification; 500 gm. of 
cod liver oil were boiled in two portions, each with 500 cc. of 20 
per cent alcoholic potassium hydroxide for SOminutes. After cooling 
and diluting with 3,500 cc. of water they were extracted thrice with 
generous portions of ether. The extracts were united, brought down 
to dryness, taken up with 200 cc. of alcohol, 50 cc. of 20 per cent 
alcoholic potash added (giving a concentration of approximately 
4 per cent potassium hydroxide), and the solution was again 
boiled for 30 minutes to insure complete saponification. At the 
end of this time the solution was again diluted with water and 
thoroughly extracted with ether. After distilling off most of the 
ether the remainder, carrying the unsaponifiable constituents, was 
evaporated on the rations. 

The results of feeding this material to rats for comparison with 
the unsaponified oil are presented in Chart I. Quantitatively, 
the curves of growth indicate that the saponified cod liver oil had 
not lost any appreciable amounts of its growth-promoting proper- 
ties in the process of saponification and extraction employed. 
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This indicated two things. It showed, in the first place, that the 
vitamin A content had not been sacrificed, otherwise growth would 
have ceased, due to an insufficiency of this dietary constituent 
as indicated by ophthalmia, and, in the second place, it gave 
indirect evidence that the antirachitic vitamin had not been 
destroyed (5). 



Tint tn nttlif 

Chart 1. Effect of saponification. Shows the comparative amount of 
growth obtained with cod liver oil or its equivalent of the ether extract of 
the saponified cod liver oil. At a level of 0 1 per cent all the rats developed 
ophthalmias. At 0.5 per cent all except 2, viz. Rats 5149 and 5150, were 
afflicted with ophthalmia and these contracted infections of the respiratory 
tract which is likewise to be taken as evidence of a lack of sufficiency of 
vitamin A. At the 1 and 2 per cent levels all the rats except Rat 5152 
remained normal, it contracted pulmonary infections. 
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The indirect evidence in regard to the persistence of the anti- 
rachitic vitamin that we refer to is the fact, which has been gen^ 
erally neglected, that without the presence of the antirachitic 
vitamin prolonged growth of the experimental animals, as raised 
in our stock and kept in our laboratory, is impossible. Chart II 
shows the amount of growth possible on the basal ration of alcohol- 
extracted casein 18, salts 32, 4, agar 2, yeast 2, and dextrin 74. 
Though incidence of ophthalmia was rather long deferred in these 
animals the amount of growth was negligible due to lack of the 
antirachitic vitamin as we have shown in a previous paper where 
animals were fed on the same ration (5). These preliminary data 
on rats, interpreted in the light of our other experiments, gave us 
every reason to believe that our final experiments with dogs would 
show the vitamin to be entirely stable to saponification. 



Chart II. Illustrates the early cessation of growth but delayed inci- 
dence of ophthalmia resulting from maintenance of rats on the basal ration 
fed to the animals of Chart I This early failure of growth is due to an 
insufficiency in the amount of the antirachitic vitamin stored in the body 
relative to the animal’s needs 


Five pups from one litter of mixed bull dog-beagle parentage 
were placed on our standard basal ration (6) of equal parts of 
rolled oats and white com meal autoclaved at 15 pounds for 1 
hour with a daily portion of 5 gm. of casein, 2 gm. of sodium 
chloride, 5 gm. of dicalcium phosphate, and 200 cc. of skimmed 
milk autoclaved at 15 pounds for 1 hour. Two of the pups 
received in addition the ether extract of 5 gm. of saponified cod 
liver oil and one pup 5 cc. of untreated cod liver oil. 

The two animals kept on the basal ration without supplement 
soon stopped growing as shown in Chart III. After 4 weeks on 
the basal ration they experienced some difficulty in maintaining 
their balance; at 6 weeks their legs were markedly deformed and 
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walking was a matter of difficulty. Spasms also were occasionally 
observed. Where the basal ration was on the other hand supple- 
mented with cod liver oil, saponified or untreated, growth was 
very uniform and continued so till the experiment was terminated. 

Fig. 1 shows the marked contrast in the appearance of the 
animals 9^ weeks after the experiment was begun. Especially 
noticeable is the tendency of Dog 35 to “sprawl, due to inability 
on its part to support, its body weight. In general we have noticed 
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Chart III. Coiuj)arative growth of dogs With the failuio of growth 
of the dogs on the basal ration various symptoms \\ere obseived Dog 35 
on being awakened in the morning alwavs appeared dizzv after the 27th 
day By the oOth dav it wa*^ markedly deformed and \\ alked with consider- 
able difficulty On the ()7th day it was observed in tetanic spasms. Dog 
3G showed the same signs of dizziness on the 28th dav Fore legs were 
distinctly bowTd and spread apart Bv the 39th da> it was unable to 
stand but later it was slightly improved 


that animals afflicted with rickets do not appear to be grossly 
distressed or in pain until late in the course of the disease. It 
is usually not until then that failure of appetite results and emacia- 
tion ensues. This maintenance of weight with growth in size 
and gradual decalcification of the skeleton leads to great strain 
being put upon the skeleton which often results in marked 
deformation. 







Fig. 1. Photographs ot dogs 9i weeks after the beginning of the experi- 
ment Note the “flat footedness" and the curvature of the left fore leg 
of Dog 35. 
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This is brought out, though in a rather limited way, in Fig. 2 
which shows sections taken through the thorax to include the 
fifth rib at the end of the experiment. The sections of Dogs 35 
and 36 show not only a number of partly repaired fractures but 
also very much enlarged costochondral junctures. Dogs 37 and 
38, like Dog 39, showed no fractures and much smaller costochon- 
dral junctures. 

Anatomically, Fig. 3 presents decided evidence in the form 
of radiographs for the equivalency of the saponified cod liver 



Fig 2 Thoracic arches showing the fifth ribs with fractures and en- 
larged costochondral junctures in Dogs 35 and 36 


oil with the untreated oil for promoting normal calcification. 
These were taken 11 weeks after the experiment was started. 
While Dog 36 on the basal ration showed very poor calcification, 
Dogs 37 and 39 both showed excellent calcification. 

Evidence obtained by x-ray examination in regard to deficient 
deposition of the inorganic elements in bone was supported b}^ 
analyses for ash. For these analyses the femur of the right leg 
was dissected out from the carcass at death, dried at 96°C. for a 
week, and after crushing in a screw-press was thoroughly extracted, 
first with alcohol and then with ether in a Caldwell extractor. The 
residue was thoroughly dried, then weighed, and ashed in an 
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electric furnace* Percenter of ash was calculated on the basis 
of the ether-aloohol-extracted bone. 

Table I presents the data on these ash analyses. As Ihere 
recorded, the dogs receiving cod liver oil either in the form of the 
unsaponifiable ether-soluble material or as untreated oil show a 
rather uniform ash content in the neighborhood of 45 to 47 per 
cent. The basal animals depart materially from these values, 
their femurs contained only 28 per cent of ash. This difference 
was clearly noticeable before ashing; the bones of the basal ani- 
mals were very light and so fragile that adhering periosteum and 
connective tissue were removed with difficulty after they had been 
dried. Table I also shows that the bones of the different ani- 
mals did not vary appreciably in diameter, but growth in length 


TABLE I. 

Comparison of Femurs. 


OOR 

No 

Ration. 

Length 

Short j 
diam- 
eter 

Long 

diam- 

eter. 

Ash 


1 

cm 

cm 

cm 

gm 

per cwt 

3o 

Basal. 

8 10 

1 00 

1 10 

1 69 

28 28 

36 


8 55 

1,05 

1 20 

1 91 

28 86 

37 

Saponified cod liver oil. 

11 00 

1 00 

1 15 

6 27 

46.45 

38 

a « <t t< 

11 10 

0 95 

1 10 

5 46 

45 59 

39 

Cod liver oil. 

1 

11 10 

0 95 

1 00 

5 75 

47 61 


had been markedly interfered with. This brings out the fact 
that the difference in the weight of the animals shown in Chart 
III was not alone due to emaciation — which ultimately was dis- 
tinctly evident in the basal group — but that growth itself had 
been actually interfered with. 

Table II presents data on another criterion introduced largely 
by Howland and Kramer (10) in the diagnosis of rickets. They 
showed that in severe rickets the inorganic phosphorus of the blood 
serum is much reduced in amount while the calcium in the same 
may or may not be affected. We have discussed these relations 
in another publication (6), pointing out the fact that rickets may 
be prevalent without impairment of the normal Ca and P content 
yet it appears that with increase in severity of the disease sooner or 
later the amounts in the blood stream, especially with relation to 
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phosphorus, are decreased. Table U shows a lower content of P 
in Dogs 35 and 36 on the basal ration than either Dogs 37 or 38 
getting the saponified cod liver oil or Dog 39 getting the untreated 
oil. While the latter two groups had higher values 3 weeks later, 
the basal animals showed a decrease to less than one-half of the 
original figures. These determinations were all made by the Mar- 
riott and Haessler technique (11). 

The calcium determinations were made by the Kramer and 
Tisdall method (12). As shown in the table the saponified cod 
liver oil was equal in value to the untreated oil for maintaining 
normal values; while the basal animals had from 7 to 8 mg. of 
calcium in their sera, the others ranged from 10 to 13 mg. It is 


TABLE II 

Composition of Blood per 100 Cc. of Serum. 


Dog 

No 

Ration 

Calcium * 

Phosphorus t 

6 wks on 
ration 

0 wks on 
ration 

6 wks on 
ration 

9 wks on 
ration 



mg 

mg 

mg 

mg 

35 

Basal. 

7 59 

7 99 

4 96 

2 23 

36 

a 

7 99 

7 32 

4 60 

1 67 

37 

Saponified cod liver oil. 

11 32 

11 72 

7 88 

8 57 

38 

U it it u 

10 87 

12 98 

7 67 

9 75 

39 

Cod liver oil. 

11 12 

12 25 

7 07 

9 00 


* Kramer and Tisdall. 
t Marriott and Haessler. 


diflGicult to say what significance is to be attached to the lowered 
Ca values. Both of the animals were observed at intervals in 
severe tetanic convulsions, but we have also observed this in dogs 
afflicted with rickets which had a normal calcium content of the 
blood. Apparently, a decreased calcium content cannot per se 
be the cause of the convulsions in these animals. 

SUMMARY. 

It is shown that, from the standpoint of growth, calcification 
of bones, and maintenance of normal calcium and phosphorus 
content of the blood, the ether extract of saponified cod liver oil 
is as efficacious as the untreated oil. 
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MOLECULAR CONFIGURATION IN THE SUGARS AND 

ACID PRODUCTION BY BACILLUS GRANULOBACTER 
PECTINOVORUM. 

By HORACE B. SPEARMAN. 

(From the Department of Zymology^ University of Toronto, Toronto, Canada.) 

(Received for publication, May 31, 1923.) 

In a previous communication from ihis laboratory Robinson 
(1) has shown that it is possible to ferment a number of sugars, 
which differ very markedly in their molecular configuration, by 
means of an organism which produces acetone and butyl alcohol. 
The fermentations may be divided into two groups. The first 
group, said to be normal, contains those in which the carbohydrate 
is almost if not completely utilized. Such fermentations are also 
characterized by the manner in which the titratable acidity of the 
medium rises during the first period of the fermentation, and falls 
at about the same rate during the second. On the other hand, the 
abnormal fermentations are characterized by a low consumption 
of carbohydrate, poor yields of neutral products, and a titratable 
acidity curve which remains at or near the maximum during the 
second half of the fermentation. It was found that the carbo- 
hydrates giving rise to such fermentations, namely xylose, arabin- 
ose, galactose, mannitol, melezitose, and inulin, do not belong to 
any one of the larger groups, and that there is no apparent struc- 
tural relationship between them. 

The present investigation was undertaken with a view to the 
further elucidation of the nature and rates of formation of the 
different acids produced during a normal fermentation, and to 
discover if possible, by a more detailed examination of the abnor- 
mal fermentations, whether there is in reality a direct relationship 
between the structure of the carbohydrate utilized and the prod- 
ucts of the fermentation. 
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EXPEBIMENTAL I^ETHODS. 

The carbohydrates investigated were as follows: starch, in the 
form of maize meal, and glucose giving nortaal fermentations; 
and arabinose, xylose, galactose, and mannitol giving abnormal 
fermentations. The alcohol dulcitol was found to be unfermen- 
table by this organism. These sugars and alcohols were obtained 
from the Special Chemicals Company, and were used without 
recrystallization. 


Medium , — The synthetic medium 
contained : 

K2HPO4 

KH2PO4 

MgSOi. ... 

NaCl .... 

FeSO^ . . . 

MnS04 . . . 

Peptone 

Carbohydrate . . . 

H2O 


used for the sugar fermentations 
0 50 gm. 

. . . . 0 50 ‘‘ 

0 20 “ 

0 01 
0 01 “ 

0 01 

. . . 5 00 “ 

30 00 

1,000 00 cc. 


A solution containing a double concentration of mineral salts 
and peptone was made up in the experimental flask and sterilized 
for 45 minutes at 10 pounds steam pressure. In another flask an 
equal volume of double concentration sugar solution in water was 
sterilized. The two solutions were mixed in the experimental 
flask just previous to inoculation. The medium prepared in this 
manner has an acidity corresponding to pH 6.7. The various 
flasks were each inoculated with 10 cc. of a 24 hour culture 
of the organism growing in maize mash. The flasks were then 
incubated at 36°C. 

Estimahon of Volatile Acids . — It has been shown by independent 
workers (Reilly and others (2), Speakman (3)) that the volatile 
acids produced during the normal fermentation are acetic and n- 
butyric. Reilly also indicated the presence of a third acid which 
is only very slightly volatile in steam. Knowing, therefore, the 
number and nature of the constituent volatile acids it was possible 
to analyze quantitatively the mixture of acids by means of the 
Duclaux method (4). The criticisms of this method made by 
Upson and others (5) apply only in part to work in which the num- 
ber and nature of the acids present are known. Their criticism 



397 


H. B, %ieiikman 

of the fundamental principle of the method, namely that each acid 
in a mixture comes over according to its own distillation constant, 
has not been supported by other investigators; e.g., Gillespie and 
Walters (6). 

The simple form of distillation apparatus originally described 
by Duclaux was used to obtain the table of constants given in 
Table I. The same apparatus was used throughout the experi- 
mental work. For purposes of comparison the figures contained 

TABLE I. 

Distilling Constants. 


Fraction 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


Percentage of 
original in 
distillate. 


Formic acid 

Acetic'^cid 

Butyric acid 

Duclaux 

Present 

experiment 

Duclaux 

. Present 
Experiment 

Duclaux 

Present 

experiment. 

per cent 

per cent 

per cent 

per cent j 

per cent 

per cent 

5 9 

5 9 

7 4 

8 3 

17 6 

16 6 

12 2 

12 5 

15 2 

16 6 

33 6 

31 4 

19 0 

19 6 

23 4 

25 1 

47 5 

45 1 

26 4 

27 5 

32 0 

33 8 

60 0 

57 5 

34 4 1 

35 9 

40 9 

43 1 

70 6 

68 3 

43 2 

45 0 

50 5 

52 8 

79 5 

77 7 

52 8 

55 4 

60 6 

63 0 

86 5 

85 5 

64 6 

67 4 

71 9 

74 0 

92 5 

91 5 

79 6 

81 7 

84 4 

86 1 

97 0 

96 8 

100 0 

100 0 

100 0 

100 0 

100 0 

100 0 

59 0 

64 5 

80 0 

80 3 

97 5 

97 5 


in Table II of the work of Duclaux are included in Table I. Before 
proceeding fuither in the research it was shown by working with 
known mixtures and the above constants, that it is certainly 
possible to analyze a mixture of volatile organic acids with the 
accuracy usually ascribed to the method. In all the experiments 
the composition of the volatile acid fraction was determined by 
the algebraic method. 


EXPERIMENTAL. 

Before proceeding to a study of the fermentation of some of 
the rarer sugars it was necessary to obtain more complete infer- 
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mation regarding the production of acids during a normal fermen- 
tation. Mention has already been made of the presence of some 
unknown non-volatile acid or acids. An atti^mpt was therefore 
made to identify this fraction, and to correlate the rate of its 
formation with the production of gas and neutral products of the 
fermentation. Reilly and coworkers (2) have reported on this 
point, but their data, illustrated by curves, require some correc- 
tion. The total acidity curve of the medium during the third 
phase of the fermentation, i.e. from about the 20th hour to the 
end, is not a straight line.' There is a gradual rise in acidity which 
may continue for several hours after gas production has ceased. 
This is a point of considerable theoretical importance. 


TABLE II 
Starch. 




Duclaux distilling constants. 

Acidity tlue to 

Time 

after 

inocu- 

lation 

Total 
acid- 
ity • 

8 

o 

d 

o 

8 

8 

o 

8 

S 

o 

V 

s 

8 

g 

8 

S 

8 

S 

8 

8 

Aoetic acid * 

Butyric 
acid • 

Non-volatile 
acid * 

hra. 

cc 

per 

cent 

per 

cent 

per 

cent 

per 

rent 

.per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

cc 

cc 

CO 

18 

3 3 

13 0 

25 5 

37 3 

48 5 

58 4 

67 8 

76 7 

84 8 

92 4 

100 

1 25 

1 96 

0 08 

20 

3 3 














23 

2 65 














27 

2 0 

12.0 

24 0 

35 3 

45 5 

55 4 

64 7 

73 6 

82 0 

90 7 

100 

0 89 

0 82 

0 29 

43 

1 9 

11 0 

21.7 

32 0 

42 0 

51 5 

61 0 

70 6 

80 0 

90 0 

100 

0 95 

0 49 

0 46 

66 

2 2 

10.3 

20 6 

30 9 

40 9 

50.5 

60 1 

69.8 

79 4 

89 0 

100 

1 08 

0 46 

0.66 


*In this, as in subsequent tables, the acidity of the medium is expressed 
in terms of 0.1 n NaOH per 10 cc. of sample. 


Experiment I . — A fermentation flask containing 1,500 cc. of 3 per cent 
maize mash was sterilized for IJ hours at 10 pounds steam pressure. The 
medium was allowed to cool to room temperature, and was then inoculated 
with 20 cc. of an active culture. At intervals during the fermentation the 
acidity of the mash was determined by titration, and 110 cc. portions were 
analyzed by the Duclaux method. The fermentation was quite normal, 
and the results are summarized in Table II, and represented by curves in 
Fig. 1. 

The results from this experiment show that during the first 
phase of the fermentation the rapid rise in acidity is due almost 

^C/. Reilly and coworkers (2), p. 231; also Speakman (3), p. 322. 
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entirely to the production of acetic and n-butyric acids. The 
accumulation of non-volatile acid is more marked during the sec- 
ond phase; and it continues until after the production of gas has 
ceased. The increase in the acidity of the medium under these 
conditions was more clearly shown by analyses of sluggish fermen- 
tations. In these the amount of residual carbohydrate is often 
considerable, and the rise in acidity is proportionately greater 
than that which occurs after the close of a rapid and normal fer- 
mentation. By correlating these results with those contained in 
a previous report (3) we find that during the second phase, when 
the non-volatile acid is accumulating, the volatile acids, particu- 
larly butyric, are being reduced and oxidized with the rapid for- 
mation of acetone and butyl alcohol. ^ 


ci 

o 


g 

a 


C) 



10 20 30 40 50 60 70 


Hours 


Fig. 1. Fermentation of maize mash. 


During a maize fermentation the starch is hydrolyzed to* glucose 
by exocellular enzyme action, and is utilized as such by the organ- 
ism. A fermentation of this type is not strictly comparable with 
one in which a definite initial concentration of glucose or other 
sugar is used. In the maize fermentation the concentration of 
glucose rises during the first phase of the fermentation to a maxi- 
mum, corresponding in time with the maximum acidity of the 
medium, and afterwards falls at about the same rate to zero. 
During the fermentation of a glucose medium the concentration 
of sugar gradually falls from the commencement of the fermenta- 
tion.2 In order, therefore, to obtain data relating to a normal 

^Eobinson (1), pp. 132, 147. 
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fermentation which would be strictly comparable with those of 
the rarer sugars the following experiment was performed. 

Experiment IL — flask containing 800 cc. of mineral salt solution plus 
peptone and glucose was sterilized and inoculated. The acidity of the 
medium was determined and analyzed at regular intervals. At the peak of 
gas production the medium was very slimy and difficult to distil. To over- 
come this difficulty the 110 cc. sample was neutralized with 0.1 n Ba(OH)f. 
The sample was then concentrated on the water bath to about 30 cc. and 
allowed to cool to room temperature. The acids were then reliberated with 
a slight excess of H2SO4, and the mixture was filtered. After restoring the 
volume of the filtrate to 110 cc the Duclaux analysis was made without 
frothing. The results from this experiment are condensed in Table III, 
and the curves in Fig. 2 are based on these data. 

TABLE III. 

Glucose 



The differences between the maize mash and glucose fermenta- 
tions are reflected in the curves of Figs. 1 and 2. The fermentation 
of glucose is much slower, but the accumulation of non-volatile 
acid is most rapid in the first phase of the fermentation, whereas 
in the maize fermentation this is not the case. The maximum 
concentration of non-volatile acid in the glucose fermentation 
coincides with the maximum acidity of the medium in time, and 
after this period there is no marked change in the non-volatile 
acid present. After gas evolution has ceased there is a slow rise 
in total acidity, due entirely to production of non-volatile acid. 
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These results illustrate very defimtely the changes in the biochem- 
istry of the normal fermentation brought about by the initial high 
concentration of glucose and the substitution of peptone for maize 
proteins. 


Experiment III . — An attempt was then made to isolate and identify the 
non-volatile acid products of the fermentation. 5 liters of a 5 per cent 
maize mash were inoculated and allowed to ferment to completion. The 
bulk was then filtered through cotton-wool, and a clear yellowish green 
solution, free from starch and insoluble protein, was obtained. This was 
evaporated down under reduced pressure, 15 to 20 mm., at a temperature 



a 



Hours 


Fig 2 Fermentation of glucose. 


of 40°C. A liter of distilled water was added, and the solution was again 
evaporated down to a thick syrup During the last hour of the evaporation 
the temperature was raised to GO'^C For the details of this method for the 
removal of volatile acids we are indebted to a recent paper by Stephenson 
and Whetham (7). The final syrup "was light brown in color and very 
viscous It W'as then diluted down to 200 cc wuth distilled water, and 
extracted with ether in a continuous extractor for a period of 24 hours. 
The ether laj^er was separated, and added to 200 cc of distilled water. Af- 
ter removing the ether by distillation the aqueous solution of non-volatile 
acid was boiled under a reflux condenser for 2 hours with an excess of ZnCOi. 
The solution was then reduced to a smaller volume on the water bath and 
allowed to stand in a shallow dish at room temperature. 


The crystals obtained had the same structural characteristics 
as a sample of pure zinc lactate which was freshly prepared. We 
obtained a positive result when small amounts of the material 
were submitted to the Uffelmann and the Hopkins-Cole tests. 
By oxidation with acidified potassium permanganate solution a 
sample of the material was converted into acetaldehyde. The 
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production of traces of lactic acid by this bacillus is in accordance 
with the work of Winogradsky (8) and Stbrmer (9) who have 
investigated the biochemistry of other members of the amyUh 
bacter group. We have satisfied ourselves that the lactic acid is 
formed from the sugar in the medium, and not from the protein, 
by studying the products of the fermentation of a medium in 
which urea was the only source of nitrogen. 

The Fermentation of Rarer Sugars, 

Experiment IV . — This experiment was performed to discover whether 
in fermentations which we have termed abnormal the characteristic neutral 
and acid products are formed. The sugars investigated were xylose, ara- 
binose, galactose, dulcitol, and mannitol Erlenmeyer flasks containing 


TABLE IV 




Tost appljod. 

Xylose 

1 Arabi- 
noso 

Galac- 

tose 

Man- 

nitol 

Neutral 

Acetone 

Rothera’s. 


•f + -f 

+ 

4- 

products. 

Butyl alcohol 

Solubility 

-f 

+ 4- 


4- 

Acid products; 

Formic. 

AgNOs 





_ 


qualitative. 


HgCl 

— 

! 

— 

— 


Acetic. 

Duclaux 

-f 

4- 

+ 

4- 


Butyric. 


+ 

4- 

-f 

4- 


Lactic, 

Hopkins-Cole 

-f 

-f 

4- 

4- 


i 

Ilffelmann 

4- 

+ 

4- 

4- 




cc 

cc 

cc 

cc 

Acid products, 

Acetic 


1 6 

1 9 

2 2 

1 47 

quantitative 

Butyric 


1 1 

0 7 

2 86 

1 85 


Lactic 


1 1 

1 2 

1 04 

0 98 

Total aciditv 

3 8 

3 8 

6 1 

4.3 


150 cc of media were sterilized and inoculated Each pair of flasks con- 
tained one of the above sugars in 3 per cent concentration Daily obser- 
vations were made on the external appearance of the flasks, and they were 
allowed to remain in the incubator until all fermentations had ceased. 
The titratable acidity of each flask was then determined From each a 
110 cc sample was withdrawn and neutralized with 0 1 n Ba(OH)j. These 
solutions were separately distilled to obtain the neutral products which 
were collected in about 25 cc. of distillate Each distillate was tested for 
acetone and butyl alcohol. The residues were concentrated on the water 
bath and cooled. To each a sufficient volume of dilute HjS 04 was added to 
rehberate the acid products After restoring the volume to 110 cc. with 
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water each was submitted to* a Duclaux analysis. The volatile fractions 
were tested for formic, acetic, and butyric acids. The residues were ex- 
tracted with ether, and qualitative tests made for lactic acid. It is not 
necessary to describe these various tests in detail, but the qualitative and 
quantitative results from the experiment as a whole are given in Table IV. 

The results from the experiment contain several interesting 
facts. Both pentose sugars are fermented and give rise to normal 
products. There was no evidence whatever of formic acid in the 
medium. Arabinose is fermented more rapidly and more com- 
pletely than xylose. During the first 40 hours of the galactose 
fermentation there was a brisk evolution of gas, but very rapidly 
this was reduced, and the fermentation' became sluggish and pro- 
longed. The final titration figure is very high, and the medium is 
particularly rich in volatile acids. Of ttie two alcohols, mannitol 
and dulcitol, only the former is fermented. 

The fermentation products differ markedly in the amounts of 
volatile acid produced and in the ratio between acetic and butyric 
acid present. Attention is called to the fact that in the pentose 
fermentations the acetic acid figure is much higher than the buty- 
ric acid, whereas in the other fermentations the reverse is the case. 
In these fermentations, as also in the glucose fermentation, the 
amount of non-volatile acid produced is fairly constant, represent- 
ing 1.0 to 1.2 cc, of 0.1 N acid per 10 cc. of medium. The writer 
is of the opinion that this concentration of lactic acid is very near 
to that which is toxic to the bacillus. 

Experiment F. — Large flasks of media containing the various sugars or 
alcohols were sterilized and inoculated. At regular intervals large samples 
were taken for analysis by the Duclaux method. Each type of fermenta- 
tion was repeated three times in order to eliminate, as far as possible, the 
chance of obtaining results which are not characteristic. The results 
given in Tables V to VIII are, therefore, typical cases from a long series of 
fermentations. The curves in Figs. 3 to 6 are based on the same data. 

The results for this group of experiments enable us to form 
conceptions regarding the fermentations which it would be almost 
impossible to formulate from the data relating only to final prod- 
ucts. We find that those fermentations which appeared to be 
similar, judging by the data of the last experiment and work 
previously reported (1), have several important distinguishing 
features. The pentose fermentations differ from the normal 
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glucose fermentation in the relationship existing between the 
acetic and butyric acid curves, the production of acetic acid being 
much greater. They differ in themselves in several respects. The 
fermentation of arabinose is more rapid and more complete than 
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that of xylose. Associated with this general distinction we find 
evidence of a more vigorous utilization of the volatile acid.s pro- 
duced. This observation has greater interest when we remember 
that m the chemical sense xylose is associated with glucose, and 
arabinose with galactose. The results from the biological study 
of these sugars, in as far as they relate to rapidity and complete- 
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ness of utilization, have reversed this grouping. This matter 
will be discussed in greater detail at the end of the paper. 
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During the first 40 hours the fermentation of galactose is ap- 
parently normal. The rate of gas production and the rise in 
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acidity are very similar to those in the glucose fermentation, 
although on the whole more vigorous. For the next 24 hours the 
total acidity shows little change, and at the conunencement of 
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Fig, 3. Fermentation of arabmose. 



Fig 4. Fermentation of xylose. 

this period the fermentation very rapidly changes to a slow and 
indifferent one. The accumulation of butyric acid and acetic 
acid continues, showing the absence of any vigorous utilization 
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Fio. 6. Fermentation of mannitol. 
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of these acids. Of still greater interest is the lactic acid curve* 
For about 24 hours the concentration of lactic acid falls; until 
about the 68th hour of the fermentation. At this point three 
changes occur. The evolution of gas and the production of vola- 
tile acid cease, and almost at the same time the lactic acid curve 
begins to rise once more, and this continues for another 24 hours. 
We can only regard this last period as a true lactic acid fermenta- 
tion, and the galactose fermentation as a whole is characterized 
by the vigorous production and utilization of lactic acid rather 
than by the formation of acetone and butyl alcohol. 

The fermentation of mannitol is also distinct in several respects. 
Again we observe the vigorous production of acids and gas during 
the first 30 hours, and once more this period is followed by a slow 
fermentation. The most characteristic feature of the mannitol 
curves is the large amount of butyric acid produced. Apparently 
this intennediate is untouched, whereas the curves for acetic acid 
and lactic acid show that production and utilization are both 
taking place. Remembering the chemical relationship between 
mannose and mannitol we are justified in concluding that the 
changes in the latter fermentation from the normal are due to 
the change from — CHO to — CH 2 OH. The detail of the biological 
change is at present a matter for discussion rather than of fact, 
and for this reason will not be considered further at this point. 
Mention has already been made of the fact that dulcitol is not 
fermented by this organism. We cannot attribute this fact to 
the terminal groups of the molecule, but an explanation may be 
forthcoming if we compare groupings 2, 3, 4, and 5 in the mannitol 
and dulcitol molecules. 

Biochemistry of the Normal Fermentation, 

Before discussing the influence of the structure of the utilized 
carbohydrates on the products of the fermentation, it is necessary 
to state briefly our views regarding the biochemistry of the normal 
glucose fermentation in the light of new experimental data. The 
diagram of reactions contained in Fig 7 is an attempt to correlate 
and interpret available information. In view of the complexity 
of the fermentation such an attempt can only be regarded as 
provisional. 

It is unnecessary to repeat in this discussion the evidence for 
the existence in the fermentation products of the compounds 
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mentioned in Fig. 7. The suggested oxidation of lactic acid and 
acetic acid is in harmony with the biochemical mechanism of other 
fermentations, and is supported by experimental evidence con- 
tained in this paper. Such oxidation affords an explanation of 
the origin of a considerable portion of the gas produced. The 
most important point in the scheme is the suggested origin of the 
organic acids. Whereas Neuberg and Arinstein (10) and others 
have suggested that they are derived from some common inter- 
mediate, acetaldehyde or pyruvic acid, the present writer con- 
siders that they are produced by the cleavages and oxidation of 
the sugar molecule. From the hexoses the initial products are 
4C plus 2C and 3C plus 3C compounds, and from the pentoses 
3C plus 2C and 4C plus 1C compounds. The quantitative figures 
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in this paper which relate to the glucose, galactose, and mannitol 
fermentations afford strong evidence that in these cases the reac- 
tions involving the production of butyric and acetic acids are 
intimately associated. On the other hand, in these fermentations 
the production of lactic acid often proceeds alone, particularly 
towards the close of the fermentation. The pentose fermentations 
show a close connection between the production of lactic acid and 
acetic acid. There is no independent production of lactic acid 
at the close of these fermentations, but changes occur in the con- 
centrations of both lactic and acetic acid after the butyric acid 
reactions have stopped. 
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The Relationship between Structural Formulas of Carbohydrates 
and the Biochemistry of the Fermentation. 

This problem in its general aspects is one of great importance 
and interest to the microbiologist. In as far as bacteria in general 
are concerned it has been studied largely from one point of view 
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only; namely, does a particular type utilize certain carbohydrates 
with the production of its characteristic end-products? A great 
need exists at the present time for more detailed and exhaustive 
studies of the biochemistry of individual species. 

In Fig. 8 are arranged the formulas of the carbohydrates which 
have been studied in this investigation. Accepting for the mo- 
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ment the conclusions regarding the biochemistry of a normal glu- 
cose fermentation, are we able to explain the characteristics of the 
abnormal fermentations in terms of molecular configuration in the 
carbohydrates utilized? 

The fermentation products are the same in all cases; therefore 
our problem is one in which we have only to consider the struc- 
tm^ of the various sugars and the rates of formation and consump- 
tion of these products. If we first of all limit our observations 
to the fermentation of the three aldohexoses we shall elimi- 
nate the possible distinctions which are due to differences in the 
number or nature of groups in the sugar molecule. Within this 
small group of fermentations any distinctions must be due to 
differences in the relationship between the —OH groups in the 
molecules of mannose, glucose, ai|d galactose. The generally 
accepted view regarding the formation of lactic acid from glucose 
is that the process is essentially one of intramolecular rearrange- 
ment in which molecules of water are involved. At some stage 
in this process the break in the sugar molecule occurs. Assuming 
that some similar processes are responsible for the production of 
the organic acids by this organism, the experimental evidence 
indicates that, in order that cleavage may occur at some particular 
place in the molecule, it is not essential that the neighboring —OH 
groups shall be adjacent. Is it not probable, however, that the 
changes leading to breakages in the chain proceed with greater 
ease and rapidity in those cases in which suitably placed adjacent 
— OH groups are to be found in the sugar molecule? This being 
the case, it follows that the total rate of the fermentation, and in 
this group of fermentations where alternative cleavages are possi- 
ble, the relative rates of different reactions are influenced by the 
number and position of such groups. We therefore expect, from 
the structure of the three hexoses which we are considering, that 
mannose will be fermented more rapidly than glucose or galactose, 
owing to the fact that mannose contains two pairs of adjacent 
hydroxyls. Experimental evidence has shown this to be the 
case.* Furthermore, we should expect: (a) glucose and galac- 
tose to be fermented with equal rapidity, (6) the glucose fermen- 
tation to be essentially one in which 4C and 2C compounds are 
produced, and (c) the galactose fermentation to be one in which 
the production and utilization of lactic acid are prominent. It 
is impossible to make justifiable comparisons between the rapidity 
and completeness of the two fermentations, owing to the fact 
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that the galactose fermentation is largely composed of the prod- 
uction and utilization of lactic acid, the acid which is most toxic 
to the organism. The curves show, however, that during the 
first 40 hours of the two fermentations, i.e. before the first high 
concentration of lactic acid is reached in the galactose one, the 
two sugars are utilized at approximately the same rate (1). 
Later, the galactose fermentation becomes slow, and there is a 
large amount of residual sugar. We find that our conclusions, 
derived from the structure of the hexoses and a knowledge of the 
glucose fermentation, are in general harmony with the experi- 
mental results. 

We shall now consider very briefly the structure of the pentose 
sugars, and endeavor to show a connection between certain fea- 
tures of the molecules and the characteristics of the fermentations. 
In the arabinose molecule, but not m xylose, there is one pair of 
adjacent —OH groups. We expect therefore, acid production to 
be the more rapid in the arabinose fermentation. In both fer- 
mentations, but more especially in that of arabinose owing to the 
particular position of the adjacent —OH groups, we should expect 
a vigorous production and utilization of lactic and acetic acids. 
Furthermore, owing to this particular form of acid production, 
the fermentations, similar to the galactose fermentation with 
regard to lactic acid, probably become sluggish after a few hours 
of vigorous fermentation, and the sugars are only partially utilized. 
All these statements are in accord with experimental results from 
the pentose fermentations. We have also shown that butyric 
acid is produced, but no formic acid, indicating an endocellular 
decomposition of the latter acid into Ho and CO 2 . The reaction 
responsible for the production of these two acids must involve the 
terminal —OH group. 

The results from fermentations of the alcohols corresponding 
to the common hexoses are of great interest. It has been pointed 
out that, ‘'Inasmuch as enol formation is not possible in the 
alcohol series corresponding to the hexose series, a closer relation 
should exist between the space relations of the alcohol and the 
cytoplasm of the bacterium to insure fermentability than in the 
hexose series where a common enol furnishes a plausible reason 
for the natural utilizability of the tautomerids"' (Kendall and 
others (11) ). 

Applying the theory regarding the influence of adjacent hy- 
droxyls to the two alcohols studied we should expect: (a) mannitol 
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to be fermented more rapidly than dulcitol, (h) the mannitol 
fermentation to be characterized by a vigorous production of 
butyric acid and acetic acid, and (c) the dulcitol fermentation to 
be essentially a lactic acid one. In as far as the mannitol fermen- 
tation is concerned our expectations are in accord with the experi- 
mental data, but the bacillus is unable to ferment dulcitol. There- 
fore, although the theory regarding the influence of adjacent 
hydroxyls adequately explains the great majority of these experi- 
mental results, in the case of dulcitol it is of no apparent assistance. 
Further investigation may enable us to show that this conflict is 
apparent rather than actual, and due to other factors. On the 
other hand, a theory which correlates and explains the great 
majority of our present experimental data may have to be modified 
or even abandoned in the light of new knowledge. 

SUMMARY. 

1. The non-volatile acid produced from starch and sugars by 
Bacillus granulobacier pectinovorwn has been identified as lactic 
acid. 

2. The formation of acetic, butyric, and lactic acids has been 
quantitatively studied during the fermentation of starch, ara- 
binose, xylose, glucose, galactose, and mannitol. 

3. The biochemistry of the production of the acid and neutral 
products of the fermentation has been discussed. 

' 4. A theory has been advanced to account for the influence of 
the structure of the fermentable sugars on the fermentation 
products. 
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RHYTHMIC BANDING OF PRECIPITATES (LIESEGANG’S 

RINGS). 

By HUGH McGUIGAN and G. A. BROUGH. 
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(Received for publication, June 7, 1923.) 

Rhythmic banding is a common phenomenon in biology. 
Examples are: the lamellar rings around the Haversian canals 
in bone; the pigmentation of the iris; the color of butterflies^ wings; 
the growth rings of trees; the agate structure of crystals; the shells 
of mollusca; the bands of starch grains and of many seeds. 

Rhythmic banding of precipitates was first discussed by Raphael E. 
liesegang (1), hence the name ^Xiesegang’s rings.” He observed that 
when a solution of silver nitrate is placed on a gelatine gel containing dilute 
potassium bichromate, rhythmic banding of the precipitate occurs. If the 
solutions are in a dish or on a plane surface the precipitate is in concentric 
rings, if in a test-tube, superimposed layers of the precipitate are formed. 
Numerous explanations have been advanced, but none is generally accept- 
able. Ostwald’s explanation (2), which postulated a metastable condi- 
tion, was accepted until Liesegang, Bechold (3), and Hatschek (4) proved it 
untenable 

Bechold (3) advanced the theory that the band precipitate is soluble in 
the products of the reaction, and new bands are formed only when the con- 
centration of the reaction products is so dilute that it will not interfere. It 
has been shown, however, that the effect of the by-products is negligible (5). 

Bradford (G, 7) in 1916 put forward a theory which would explain ring 
formation by adsorption Since then he has published much work to sup- 
port his views. Holmes (8) has also advanced a theory similar to Brad- 
ford’s, but attributes the formation to ionic activities, instead of adsorption 
effects of the colloidal particles of the precipitate. Bancroft (9), quoting 
Hatschek, states that all theories fail to account for the specific effect of the 
gel. Bradford,^ however, accounts for this by saying that the value of N 
in von Weimarn’s formula is influenced by the gel. We do not think this 
explanation is adequate. The explanation given by Bradford and by 
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Holmes, as far as the process of diffusion is concerned, however, seems 
adequate. 

Fischer and McLaughlin (10), on theoretical grounds, think that ring for- 
mation is possible only under conditions where a semip>ermeable membrane is 
formed by the precipitate. If the precipitate rapidly crystallizes, it is per- 
meable and therefore the precipitation is continuous If it be temporarily 
impermeable, rings are formed If the precipitate first formed is amorphous 
and “solvatisierte,” a ring is formed Then in time the precipitate becomes 
‘^desolvatisierte,” solid and permeable, and the penetrating ion passes 
through. Ring formation is repeated. There is little evidence that the 
precipitate per se is impermeable, although the precipitate together with the 
gel may in many cases form an impenetrable layer This seems to account 
in some cases for the difference in ring formation in agar and gelatine gels. 
Where such an impenetrable membrane is formed, however, it remains so, 
and prevents further ring formation. 

Recently, the senior author (11) advanced an explanation of 
the rhythmic banding of precipitates, which accounts for the effect 
of the gel. The main points of this explanation are: banding in 
precipitation is the normal and universal course, but in water 
solutions, due to secondary causes such as changes in specific 
gravity, violent combination, concentration, etc., which stir up 
or obscure the reaction medium, the bands arc destroyed as rapidly 
as they are formed. The functions of gel in banding are: (1) 
to fix the precipitate where it is formed and thus to keep the rings 
visible, and (2) to modify the rate of diffusion of the reacting ions 
so that favorable conditions for banding arc provided. This 
occurs through the influence of the colloid m damping the vibra- 
tion of the reaction, and in lessening and limiting the rate of 
diffusion of one ion more than another. 

The process of this interrupted growth theory of ring formation, 
using bichromate gelatine and silver nitrate as a type, occurs as 
follows: the bichromate in the gelatine is relatively fixed and 
diffuses slowly. When a solution of silver nitrate is added, silver 
bichromate (whether chromate is formed is immaterial in this 
ca.se) is formed and a clear zone, practically free from chromate, 
results in the gelatine, due to the attraction of the chromate to the 
silver. This we have called the zone of influence of the silver ion. 
Beyond the zone the chromate is fixed (relatively) and remains so 
unless an attraction force is exerted. The silver nitrate now dif- 
fuses through the precipitate and through the clear zone until it 
approximates the chromate in the gelatine sufficiently close to 
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exert an attraction force which again draws the chromate and 
forms another ring and clear zone. At the same time the chromate 
ion attracts the silver ion and the ring is formed where the forces 
are balanced. When this precipitate is formed there is a zone 
relatively free from chromate on one side of the precipitate, and a 
corresponding zone of lessened silver concentration on the other. 
This leaves a period (season) of no growth, and the new period of 
growth (ring formation) commences when the silver, which dif- 
fuses more rapidly than the chromate under these conditions, 
passes through the precipitate and the zone of influence and comes 
again in contact with the chromate ion. 

There is some evidence that all chemical action may be periodic; 
e,g,, Ostwakl (12) found that if the rate of evolution of hydrogen 
gas, when HCl acts on one of the allotropic forms of chromium, 
during the action be plotted as ordinate against time as abscissa, 
the curve will show alternating periods of rapid and slow evolu- 
tion. The curve in a measure corresponds to ring precipitation. 

The explanation wc present does not differ materially from that 
of Holmes, except that it accounts specifically for the action 
of the gel. Bradford’s explanation is also very similar, but we 
think he stresses unduly the importance of adsorption. While 
it is generall}" accepted that the adsorption of ions from solution 
by a precipitate in the process of its formation is the rule, there 
is no reason to attribute more importance to it in banded than in 
continuous precipitates. Also the factor of adsorption after 
precipitation we think is overestimated. While Bradford has 
done much excellent work to support his theory, this work could 
be used equally well to support any of the other theories. Sur- 
face energy always exists, sometimes negative, sometimes positive, 
and banding may occur in both conditions; adsorption, therefore, 
cannot be a prime factor in initiating or controlling the reaction. 
The influence of adsorption would also seem much less than that 
of the ion, since adsorption varies inversely as the fourth power 
of the distance, while chemical attraction varies inversely as the 
square of the distance (13). 

Bradford uses the work of von Weimarn (14) to support his theory. In 
this work von Weimarn shows that the form of the precipitate, i.e. whether 
crystalline or colloidal, is dependent on the number of crystallization 
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centers. If in the double decomposition reaction, AB + CZ> * AC -f BD^ 
the nature of the precipitate AC will be governed by the formula 

N = the number of crystallization centers, which we may call the disper- 
sion coefficient. 

P is the number of equivalents of the precipitate AC which must be de- 
posited out of each liter in order that its concentration be reduced 
to 

L, the solubility of the precipitate. 

^AB* ^CD* coefficients expressing the complexity of the various 

components. 

Z is the viscosity of the reaction medium. 

For substances having simple chemical structure, such as we 
are dealing with, and which are not associated within the solu- 
tion, the above formula may be simplified without significant 
error to 

-V = J X z 

and since von Weimarn found this law to hold in water solutions, 
the most important factor in ring formation in gels seems to be 
Z, or the viscosity of the gel. This is the factor which Bancroft 
states has not been sufficiently considered in other theories. 

Reasons for Stating that Banding Is the Normal Method of Precip’- 
itation . — Experiments cited by Liesegang (15), which we have 
confirmed, seem to us to speak against the adsorption theory; 
e,g,, if 10 per cent gel, containing Na 3 P 04 (0.5 per cent), be poured 
on a glass plate and allowed to dry, definite banding is obtained. 
Bechold makes similar claims and also states that freezing water 
produces rings (9). This we have also observed. In this case, 
unless adsorption be used in a very loose sense, the banding is due 
to crystallization. If it is claimed that crystallization is explained 
by adsorption, then it has no especial significance in rhythmic 
banding. 

Rohonyi (16) has shown that gelatine layers, on freezing, 
form in rings. Accepting Ostwald's explanation, his results 
support it. When tubes with a thin layer of gelatine are frozen, 
layers are formed, clear and dark. The clear layers are ice, the 
dark, gelatine. These rings are quite similar to Liesegang's. 
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Again, bands may appear in air, water, or in gels. Holmes (8) 
(Quotes an experiment of band formation in a glass tube where air 
took the place of the gel. We are able to confirm this as follows: 

Concentrated HCl was placed in a small flask, and this connected with an 
upright glass tube 75 cm. long and 2 cm. in diameter. The upper end of the 
tube was plugged with cotton and a few cubic centimeters of strong 
ammonia water were dropped on the cotton. On standing overnight 
practically the whole length of the tube was covered with bands of 
ammonium chloride. 

By rhythmically forcing air into the flask containing HCl (con- 
centrated) so as to change the rate of ^diffusion, bands are formed 
on the glass at different places than if the diffusion took place 
naturally; in fact, by such manipulation, one may place the bands 
in any desired location. This action resembles that given by Bur- 
ton and Bell (17), in which rings were formed in gelatin under 
tension. The gel was stretched longitudinally, the rings were 
elliptical, the major axis in the direction of the stretching force. 
In our work, after several distinct single bands were formed, there 
were zones of numerous very fine bands instead of the single bands. 
If the NHs is drawn down into this clear space, fine bands result. 

Again, if solutions of AgNOs and KI be placed in an open test- 
tube and allowed to stand until evaporation occurs, distinct bands 
may reach to the top of the tube. Also, if a cholesterol in chloro- 
form be placed in a tube and evaporated, definite rings are formed. 
Slow evaporation of many other solutions will produce rings, 
which seems due to capillarity and surface tension. This, how- 
ever, may be quite distinct from the rhythmic banding in precipi- 
tation, although capillarity in gels undoubtedly plays a r61e. 
Perhaps because evaporation rings are of more common occurrence 
than precipitation rings, they have received less attention. 

Dreaper (18) has shown that when precipitation occurs in 
capillary tubes, preferably set in a horizontal position, and care 
being taken to avoid stirring, etc., stratified precipitation may 
be the usual result in water solutions. In this way he prepared 
bands of lead chloride, lead sulfate, silver salts, barium sulfate, and 
many others. 

We have been able to repeat this with 0.1 n AgNOj and 0.05 n 
KjCraO?. If the silver solution be drawn into a capillary tube or 
small pipette, and introduced with care into the bichromate solu- 
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tion, one often finds definite banding. These bands are seen 
better with a magnifying glass, and are sometimes difficult to pre- 
pare. Dr. L. F. Shackell, who first called our attention to this, 
found that a small bubble of air between the solutions aided ring 
formation. Again, if the chromate solution be poured on a glass 
plate and allowed to dry, and a small crystal of AgNOa added and 
moistened carefully, definite ring formation may be seen. 

The banding of precipitates, therefore, seems to be a universal 
phenomenon, and under proper conditions may be visible in all 
cases. This may appear opposite to the statement of one of us 
in a previous article (11) where it was said that, if lead acetate be 
used instead of silver nitrate on a bichromate gelatine gel, no ring 
formation occurs. Bradford (19) is correct in stating that with 
proper concentrations, rings of lead chromate in gelatine may be 
prepared. Many incorrect statements have crept into the litera- 
ture of rhythmic precipitation, and the reason seems to be that 
rings in some cases are more difficult to prepare in visible form. 
But since rings may be rendered visible in practically every precip- 
itation, any statement regarding their presence or absence is 
relative only. To illustrate further such incorrect statements we 
may quote the following from Bancroft.^ ^^The reactions between 
silver nitrate and potassium bichromate give rings or layers in 
gelatine but not in agar, while lead nitrate and potassium chromate 
give layers in agar but not in gelatine.’’ Bradford (5) also in one 
of his latest articles says: '"It has been found that neither silver 
chromate or bichromate form bands in agar gels and in discussing 
the theory advanced by one of us, says: ‘^It is not sufficient to 
explain why bands form in gelatine and not in agar.” All such 
statements require qualification, and some of them have been 
corrected later by these authors. When we adopt the view that 
rhythmic precipitation is the normal process, the explanation is 
more easily understood. 

Bands form readily in agar as the following experiments will 
show. 

Mix equal parts of 1 per cent agar and 0 02 n potassium bichromate in a 
test-tube When a gel has formed, pour 0 1 n silver nitrate on top. After 
12 hours twenty-three bands were counted in a space of 2 cm. beginning 2.5 cm. 


* Bancroft (9), p. 259. 
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from the surface of the gel; these were very delicate and better seen by 
transmitted light. To show rhythmic banding, time and concentration are 
important functions as they regulate the rate of diffusion. It is for this 
reason that the concentration of the penetrating ion is greater. Also the 
test-tube method may show banding that is not visible on surfaces. 

No new chemical process is involved in the formation of rings. 
The colloid is simply an interfering body, modifying the intensity 
of the reaction, and calming or damping the reaction field by 
immobilizing the precipitate where it is formed. In some cases 
where the gel and the precipitate form an impenetrable membrane, 
or a membrane that is penetrable with difficulty, no ring formation 
is visible. If the physical state of the reaction medium remains 
calm in water solutions, as in the cas^ of the ammonium chloride 
in air, and in precipitation in water solutions in capillary tubes, 
ring formation is seen to be the usual process. On plane surfaces 
precipitation rings are formed in circles somewhat similar to the 
rings formed by dropping a stone into a pool of calm water. If 
the pool be turbulent the rings are destroyed or twisted out of their 
course. Similarly, in an ordinary chemical reaction the local 
storm, caused by the reacting ions and by the difference in the 
specific gravity of the product formed and the solvent, disturbs 
the medium to such an extent that the rings are destroyed. 

The opposite effect of a gel can be obtained hf adding ether, 
alcohol, or acetone to the reacting medium. This causes in water 
solutions a marked increase in the turbulence of the reaction, 
apparently due to lowering of surface tension. There are cases, 
however, where the tendency to band is increased by the addi- 
tion of these bodies to the gel; ^.c., where the viscosity is so great 
that an impermeable membrane is formed. The addition of 
alcohol, by lessening the viscosity, changes permeability so that 
banding may occur. Sugar also is known to increase banding in 
such cases. 

Liesegang (15) has recently pointed out a similar phenomenon 
in the case of silver chloride bands in gelatine. If to a gel containing 
silver nitrate, sodium chloride solution be added, no banding is 
visible. The reason seems to be that the penetrating Cl ion moves 
too rapidly in relation to the Ag ion, which may be partly combined 
with the gel. The precipitate, therefore, is continuous. If, how- 
ever, silver bichromate bands are first formed, and then sodium 
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chloride be added, the chromate bands are replaced by chloride 
bands. The silver chromate here acts as a “form catalyser.” 
The reaction involved is that used in the determination of chlorides 
by Mohr’s method. 

Besides the rate of penetration, however, there is another factor 
of importance, and this is the degree of mobility of the incarcer- 
ated ion; i.e., the ion of the gel. The following experiment will 
illustrate. 

Two tubes were made as follows : 

Tube 1. Agar, 0.5 per cent. Tube 2. Gelatine, 5 per cent. 

Pb acetate, 0.1 n. Pb acetate, 0.1 n. 

When these had coagulated 10 per cent KI was poured on top. After 36 
hours the iodide solution had penetrated about the same distance in each, 
but in the agar there were beautiful rings, while in the gel there was only a 
suggestion of ring formation. 

The difference seems to be due to the nature of combination of 
the lead acetate in the two cases. In the gelatine it is more inti- 
mately combined and less moveable; in the agar it is practically 
free and moveable, and gets entangled in the agar net only when 
particles of the precipitate are formed. When, however, precipi- 
tation has descended several centimeters in the tube, rings become 
visible also in the gelatine. This is attributed to a change in the 
rate of the penetrating ion (I) which is now slower than where the 
precipitate is continuous. That rate of penetration, or rate of 
meeting of the ions, is important is readily shown by the methods 
of preparation of rings. To obtain the best results, the penetrating 
ion is always in greater concentration than the ion in the gel, e.g. 
if 0.05 N AgNOs be placed in water solution on top of a 5 per cent 
gelatine gel, containing 0.01 n K 2 Cr 207 , rings are soon formed. 
However, if the AgNOa be enclosed in 5 per cent gelatine and 
placed on top, practically no ring formation occurs. Without 
doubt, if we could, by freezing or otherwise, regulate the rate or 
meeting, and of the reaction of the ions in water solution, to the 
same rate as in gelatine, rings would also be visible in the water. 
Dreaper’s work which we have corroborated substantiates this 
opinion. 
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SUMMARY. 

A theory of rhythmic precipitation is advanced, which accounts 
for the action of the gel. This theory accepts the descriptions 
of the process given by Bradford and by Holmes, which are 
essentially alike. Precipitation in gels does not differ from pre- 
cipitation in water; therefore, adsorption is no more important in 
gels where precipitation is banded, than in water where it Ls con- 
tinuous. The function of the gel is to fix the precipitate where it 
is formed, and to restrict the zone of the influence of the ions, by 
reducing to a minimum the factors which make for turbulence or 
diffusion. It is pointed out that any influence that lessens the 
turbulence of the reaction, makes for rhythmic precipitation. 
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The phenomenon of growth is a function of at least two factors. 
First, there is what might be called the heredity factor, the 
growth impulse, which is characteristic for each species. In the 
usual conception of growth this element may be considered to 
be structural in nature for it probably resides in and is trans- 
mitted through certain cellular elements. The second determi- 
nant of growth may be called the environment factor. In this 
category of influences must be classed the physical and chemical 
characteristics of the surrounding medium which in turn in- 
cludes food materials and the respirable gases. 

Over the heredity factor the experimentalist has attained 
only a slight degree of control. The environmental factor on 
the other hand is more amenable to study and experimental 
variation. It is only when both growth influences are at the 
optimum that ideal growth characteristic for the species is ob- 
tained. The science of nutrition concerns itself with the de- 
termination of the optimal environmental conditions under a 
large variety of circumstances. 

The classical researches of Hopkins, of Osborne and Mendel, 
and of McOollum and his associates in the field of nutrition 
have cmpha«!izcd the necessity of careful attention to details 
of the diet which are of greatest consequences in the problems 
of maintenance and growth. The appreciation of the impor- 
tance of the character and relative abundance of the amino- 
acids in the protein fed, of the proper balance of the inorganic 
salts together with the indispensability of certain of them, and 
of the discovery and partial characterization of the vitamins, 
together with the far-reaching effects of the lack of these food 
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factors, have been outstanding contributions of the 20th Century 
to physiology. But the attraction of these more modem con- 
ceptions must not overshadow the fundamental consideration of 
the ‘‘quantity^' idea in nutrition. The growing animal needs 
calories quite as much as it needs vitamins. The various factors 
must work hand in hand, for the absence of any one of the recog- 
nized dietary components means nutritive failure. However, 
the point of view must change with the passage of time, and 
often, rapidly. Discoveries of the past two decades have re- 
peatedly afforded explanations for the nutritive failure of ani- 
mals on synthetic diets which were considered adequate in only 
the last century. It is the privilege, therefore, of the investiga- 
tor of to-day to reestablish many of the fundamental principles 
in the light of the more recent developments in the science. 

The purpose of the present experiments is to determine the 
efficiency of calories from various sources in supplying the energy 
demand for growth when all the other factors in the diet are 
adequately provided to the best of our present knowledge. Will 
calories derived largely f;;om carbohydrate equal in growth- 
promoting power those obtained largely from fat? The practical 
bearing of the answer to such a question in the live stock industry 
is far-reaching. A second point of more strictly academic in- 
terest involves the adjustment of the growing animal to calorie 
intake on diets of such widely different energy values as those 
herein discussed. 

Comparisons of carbohydrate with fat have been made using 
various other criteria On the ba>is of their relative efficiencies 
in protein-sparing action, carbohydiate appears to be superior 
to fat (Tallquist (1902), Cathcart (1922), and Kayser (1894)). 
Likewise, Krogh and Lind hart (1920) found that exercise can 
be more economically performed from the energy point of view 
when carbohydrate is being burned than when fat is undergoing 
oxidation. The inability of fats to provide the requisite energy 
for the physiological maintenance of the diabetic organism is 
too well known to need further comment. In the light of this 
and other evidence of similar nature, might we expect fat calories 
to function as efficiently as carbohydrate calories in growth, one 
of the most severe requirements made on the animal metabolism? 
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Until recently, attempts at feeding animals with diets free from 
fats have resulted in failure because of the unconscious omission 
of the fat-soluble vitamin in the foods and as a result false con- 
clusions were drawn concerning the importance of natural fats 
in the diet. Equipped with the knowledge of the indispensa- 
bility of vitamin A, Drummond (1920) used an alcohol extract 
of carrots as a source of this food factor with a diet containing 
only minute traces of ether-soluble substances. The young 
rats did not grow normally on this ration. Osborne and Mendel 
(1920) also studied the growth of rats on foods exceedingly low 
in fats, using 0.2 gm. of alfalfa as the source of the fat-soluble 
factor. Upon this high carbohydrate diet normal growth from 
about 75 to approximately 280 gm. wa^ obtained in most of the 
animals. Growth experiments^ have been tried on diets high in 
fat; the animals grew normally for a time and then merely main- 
tained themselves at a stationary weight. In this case the pro- 
tein was fed at the same level as in the standard balanced diet, 
namely 18 per cent, with the result that, due to the diminished 
intake of the high calorie fat food, protein hunger probably 
became a factor in the inhibition of growth. 

Methods Employed , — In the present investigation the effort 
was made to obtain the largest practicable part of the calories 
from either the fat or the carbohydrate. The diets were care- 
fully planned so that, no matter what the caloric value of the 
food, the ratio of protein calories to total calories was the same 
as in the standard balanced ration. In addition, the ratio of 
salt content to total calories was also constant in all the diets. 
The adjustment of intake to caloric value of the food could there- 
fore be made by the rats without disturbing the actual consump- 
tion of the two indispensable constant factors; namely, the 
inorganic salts and the protein. Since the protein used was 
casein, fed at a safe level (Osborne and Mendel, 1916), and 
vitamins A and B were adequately supplied, the diets were com- 
plete for growth of rats as far as we know at the present time. 

The ‘^balanced'^ control, high fat, and high carbohydrate 
diets had the following compositions. 

I The results of unpublished experiments of Osborne and Mendel per- 
sonally communicated by Dr Mendel 
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Amount 


Cal per kg. 
food 


Apportionment of totfd 
oalariea. 


Balanced control diet. 



per cent 



per cent 

Casein* . . 

18 

738 i 

Protein 

.. 13.8 

Starch . . . 

51 

2,091 

Carbohydrate. . 

. . 39 2 

Lard 

23 




Cod liver oil . 

4 

2,511 

Fat 

. . 47.0 

Salts t 

4 




Total 

100 

5,340 

100 0 


High fat diet. 


Casein 

25 

1,025 

Protein 

. 13 8 

Lard . 

65\ 

6,417 



Cod liver oil 

4/ 

Fat . 

. 86 2 

Salts 

6 




Total 

100 

7,442 

1 100 0 

High carbohydrate diet 

Casein 

14 

* 574 

Protein 

13 8 

Starch 

79 

3,239 

Carbohydrate 

77 8 

Cod liver oil 

3 8 

353 

Fat 

8 4 

Salts . 

3 2 




Total 

100 0 

4,166 

100 0 


* A “fat-free” product from the Casein Company, 13 Park Pow, New 
York City It was washed with water of pH 4 6 seven times, then with 
alcohol (95 per cent) and ether, and dried in a current of warm air. 

t The inorganic salt mixture described by Osborne and Mendel (Osborne, 
T B , and Mendel, LB,/ Biol. Chem , 1919, xxwii, 557) 


The carbohydrate food was made up as a thick, smooth starch 
paste with the weighed amount of starch. This was allowed to 
cool and the other ingredients stirred into it. The moist food 
was then spread in thin layers in pans and dried to a crisp cracker 
at 60-70°. The starch was partially dextrinized by this treat- 
ment. 

In all the experiments vitamin B was -provided by 30 mg.® of 
‘^Yeast Vitamine-Harris/^ fed apart from the food, while the 


* This dose had previously been found adequate for growth over the 
range involved in these experiments 
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fat-soluble factor was carried by the cod liver oil in the food 
mixtures. The technique employed was similar to that outlined 
by Ferry (1920). 

Results.— k comparison of the actual age-weight curves showed 
that the best growth rate was obtained on the ^*high carbohy- 
drate^^ diet while on the ‘^high fat^^ diet, growth was distinctly 
subnormal in all cases. Although in the present series of ex- 
periments the rats on the ^‘balanced” control diet grew slightly 
below normal in some cases, we have many instances of growth 
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Chabt I. 

better than normal on this diet. Chart I shows diagrammatically 
the weight attained by the various groups at a certain age, the 
superiority of both male and female rats on “high carbohydrate^' 
diet being very apparent. 

On the “high carbohydrate" diet the males grew at the normal 
rate for the white rat^ while the females grew somewhat better 
after about 70 days of age. 

f 

* These are data of Osborne and Mendel taken from Donaldson (Donald- 
son, H. H., The rat, Philadelphia, 1915). 
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The growth rate of the male rats on the '^high fat'' diet began 
diminishing at about 50 days of age and thereafter they grew 
at a distinctly subnormal rate. On the other hand, the females 
on the “high fat" diet grew at a rate approximating the normal 
somewhat more closely. These results indicate that under 
comparable conditions, and with all the other food factors being 
identical, rats obtaining the larger part of their calories from fat 
grow less rapidly than either those using largely carbohydrate 
calories or those obtaining energy from a balanced diet. 

The appearance of the two groups of animals was distinctly 
different. Those on the fat food were sleek and plump though 
obviously small while those on the carbohydrate food were larger 
and more rangy though with good coats. 


TABLE I 

Average Weekly Food Intake 


Age 

Malee on 
fat food 

Males on 
carbohydrate 
food 

Males on 
standard food 

Females on 
fat food 

Females on 
carbohydrate 
food 

days 

gm 

gm 

gm 

gm 

gm 

50 

14 

27 

24 

21 5 

51 

70 

28 5 

57 

47 

19 

53 5 

90 

28 

59 5 

45 

21 

56 

110 

26 

60 

47 5 

26 

65 

130 

30 

73 

51 

32 

55 

150 

34 


50 

1 




In Table I is given the average weekly gross food intake on 
the various diets. The rats referred to in the table were not 
making comparable gains and so the figures can only show 
roughly the adjustment to calories in the food. The 73 gm. 
eaten per week by the rats on ‘^high carbohydrate" diet can be 
compared with the 51 gm. of standard food eaten by rats of 
the same age growing at a like rate. The figures are comparable 
to those quoted by Osborne and Mendel for rats twice as old. 
As might be expected a priori, the intake of “high fat" food 
was smaller than that of either of the other diets. 

In order to obtain more accurate figures as to the adjustment 
to calories, food intake on the various diets was compared over 
like periods when normal growth was obtained. In Table II 
are shown the total calories consumed by male rats to gain 21 gm. 
between 40 to 50 days of age; i.e,, growing at the normal rate. 
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This 'range on the growth curve was chosen because after 50 
days of age the male rats on the '^high fat'' diet ceased to grow 
at the normal rate. 

In Table III the female rats are compared during the period 
40 to 50 days of age while growing at the normal rate; i.e., gain* 
ing 19 gm. 

From the tabulated data, it is obvious that when growing 
at the normal rate on diets qualitatively and quantitatively 
adequate, young rats adjust to approximately the same caloric 
intake whether the major part of the calories are obtained from 
fat or carbohydrate or from a mixture of the two. The agree- 


TABLE II. 

Food Intake for Mnles. 


Diet 

Average gm 
food to gam 

21 gm 

body weight 

Caloric value 
per gm 

Average total 
oalonee. 

Standard .... 

58 0 

5 3 

307 

High fat .... 

41 5 

7 4 

305 

carbohydrate 

82 0 

4 1 

336 


TABLE III 

Food Intake for Females 


Diet 

Average gm 
food to gain 

Calono value 

Average total 

19 gm 

body weight 

per gm. 

calories. 


High fat 

30 5 

7 4 

226 

“ carbohydrate . i 

66 5 

4 1 

273 


ment is more striking between the standard and the ‘‘high fat" diets 
than between these and the “high carbohydrate food." Rubner's 
law of the “Constant energy expenditure" states that for certain 
animals comparable growth is made at the expense of comparable 
calories absorbed, whether the growth is fast or slow. Hopkins 
(1912) has showed that this generality applies to the rat on a 
diet similar to our standard “balanced" ration. There must be, 
therefore, a decided wasting of energy in the growth metabolism 
of this animal on high carbohydrate diet, for in this case 10 per 
cent more food was consumed than on either of the other diets 
during the period of comparable growth. At whatever age they 
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are compared, the high carbohydrate-fed rats consiu -d more 
calories than the standard diet rats growing at the same rate. 

DISCUSSION. 

The failure of the rats on the ^'high fat'^ diet to maintain their 
initial normal growth rate appears to be due, partly at least, 
to the lack of desire for the food, for after growth became sub- 
normal the calorie intake was definitely smaller than that of 
the rats on standard food, whereas before, it had been the same. 
It has been our experience, in confirmation of that of others, 
that appetite may be restored by adding any of the recognized 
vitamins to diets lacking these food factors^ Likewise, appetite 
that has failed absolutely on a protein-free, though otherwise 
adequate diet, is restored by replacing the protein.'* In the present 
experiment in an effort to increase the appetite, the yeast vita- 
min powder was increased from 30 to 50 mg. per day in the case 
of four rats on the '^high fat^^ food, but without definite improve- 
ment in the growth rate. Substituting a food containing only 
69 per cent of fat and 11.9 per cent of carbohydrate for the original 
^^high fat^' food (69 per cent fat) for Rat 493, resulted in an aug- 
mented food intake and in an immediate response in normal 
growth. Landergren (1903) has stated that an “undetermined 
minimum^' of carbohydrate, whether preformed in the food or 
stored in the organism as glycogen, can serve to diminish a pre- 
viously existing negative nitrogen balance on a carbohydrate- 
free food. A similar principle seemed to operate in these ex- 
periments. The possibility of affecting appetite and thus, 
growth, by adjusting the fat and carbohydrate in an otherwise 
adequate diet is a new conception in nutrition and is worthy 
of more extensive experimental study. It is more than likely 
that, in spite of the highly emphasized potencies of newly dis- 
covered food factors, normal nutritive well-being will be secured 
only when the proper ratio, as well as the adequate absolute 
amounts of all of the recognized dietary principles, is maintained. 

It is known that the normal organism (human) on diets con- 
taining large amounts of fat and little or no carbohydrate, ex- 
cretes acetone bodies in the urine. Is it not probable, there- 

^ Unpublished data from this laboratory. 
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fore, addition to a diminished intake due to lack of ap- 

petite, the young animal is losing energy through the imperfect 
combustion of the fatty acids, the end-result being manifested 
in a subnormal growth rate? 

In these experiments it is shown that within rather narrow 
limits the consumption of food is adjusted to the caloric value 
of that food. From the point of view of the energy value of 
food, the animal may be said literally to ^'eat calories.^^ It is 
desirable, however, to study this point further in the case of the 
rats on the high fat rations when they can be made to eat enough 
of the food to grow at the normal rate. 

SUMMARY. 

Rats making comparable increments of growth in the same time 
consume nearly the same number of calories from diets high in 
fat, high in carbohydrate, or from intermediate ‘‘balanced^' diets. 

Rats on the high carbohydrate food grew normally throughout 
the period of observation (151 days), but animals on the high 
fat ration failed to maintain the normal growth rate after 50 
days. 
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STUDIES WITH THE FOLIN AND WU BLOOD SUGAR 
DETERMINATION. 

By VERA E. ROTHBERG and FRANK A. EVANS. 

{From the William H. Singer Memorial Research Laboratory, Pittsburgh.) 

(Received for publication, August 7, 1923.) 

Among the several methods for quailtitative blood sugar esti- 
mations satisfactory from the clinical point of view, that of Folin 
and Wu, presented with their system' of blood analysis (1) and 
subsequently modified (2), recommends itself highly and justly 
enjoys widespread popularity. One precaution which the authors 
mention as necessary, namely the use of a standard solution which 
contains approximately the same amount of dextrose as the blood 
filtrate being tested, does not appear to us to have been sufficiently 
emphasized. Folin and Wu recommend the use of one standard 
containing 0.1 mg. of dextrose per cc. of water, and another con- 
taining 0.2 mg. of dextrose per cc. of water. After the dilution 
of the blood ten times, as occurs in precipitating the proteins ac- 
cording to Folin^s technique (1), the filtrate from a blood contain- 
ing 100 mg. of dextrose per 100 cc., and from one containing 200 
mg. per 100 cc., contains the same amount of dextrose as the 0.1 
and 0.2 mg. standards, respectively. These standard dextrose 
solutions are to be used, except in unusual instances, for compari- 
son in all blood sugar determinations, certainly for all those on 
bloods containing between 100 and 200 mg. of dextrose per 100 
cc. In our hands these two standard solutions are not suflScient. 
If the filtrate from a blood containing 150 mg. of dextrose per 100 
cc. of blood is read against each of these standards, the results 
may differ more than 15 per cent, the reading against the 100 mg. 
standard having a plus error, and that against the 200 mg. stand- 
ard having a minus error. For this reason we have in the past 
regularly used three standard dextrose solutions, the equivalents 
of 100, 150, and 200 mg. of dextrose per 100 cc. of blood; and occa- 
sionally even more standards than these. Systematic experi- 
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ments to investigate this point prove the necessity for using more 
than two standards if accurate results are to be obtained on all 
bloods with the Folin and Wu method. This paper is a report of 
these experiments which give added emphasis to the statement of 
these authors that with this method the standard solution must 
contain approximately the same amount of dextrose as the protein- 
free blood filtrate being tested. 

Experiments were carried out with a specimen of dextrose on the 
laboratory shelves not specially identified, with Kahlbaum^s 
glucose, and with Difco dextrose. The results obtained were 
essentially the same with each of the sugars used. Different 
strengths of solutions were prepared from these sugars, and the 
Folin and Wu blood sugar determination was carried out on each 
at the same time and compared to the standard dextrose solutions 
equivalent to 100 and to 200 mg. of dextrose per 100 cc. of blood. 
Some of these observations were repeated by three different work- 
ers, and many were carried out by two. Readings were made on 
four colorimeters of different make. The sample experiments 
reported in this paper were done with Difco dextrose which had 
been polarized and found to be pure, and the readings were made 
on a Bausch and Lomb plunger colorimeter. 

Experiment 1 — Dextrose solutions of different strengths were read 
against a standard solution containing 0 1 mg of dextrose per cc. of water, 
the equivalent of 100 mg of dextrose per 100 cc of blood The dextrose 
solutions were made up as follows 0 06, 0 07, 0 08 mg , etc , up to 0 2 mg of 
dextrose per cc. of water, the equivalent of 60, 70, 80, etc , uj) to 200 mg. of 
dextrose per 100 cc of blood. 

The routine Folin and Wu blood sugar determination was carried out on 
each of these solutions in duplicate at the same time, using 2 cc , exactly as 
is done with protein-free blood hltrate Readings were made against the 
0 1 mg. standard set at 20 on the colorimeter scale on one determination of 
each strength of dextrose solution; the standard solution was then read 
against itself again, and readings were made on the duplicate determination 
of each strength of dextrose solution All the readings were completed 
within a half hour of the time the blue color had been developed after the 
addition of the phosphate-molybdate sugar reagent. This experiment was 
repeated on the following day with freshly prepared dextrose solutions. 
The four values for each strength of dextrose solution thus obtained checked 
up very closely The average of the four readings appears in Table I. 

Experiment 2 — Dextrose solutions of different strengths were read 
against a standard solution containing 0.2 mg. of dextrose per cc. of water, 
the equivalent of 200 mg of dextrose per 100 cc. of blood. The dextrose 
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TABLE I. 

Variom Strengths of Dextrose Solution Read Against a Standard Dextrose 
Solution Equivalent to 100 Mg. of Dextrose per 100 Cc. of Blood, 

Set at 20 on the Colorimeter Scale. 


Equivalent m 
dextrose per 100 co 
blood, of 

dextrose solutions 
tested. 

Correct 
reading on 
colorimeter 
for ratio 
concerned 

Average of 
colorimeter 
readings 
! obtain^ 

Dextrose cal- 
culated from 
colorimeter 
readings 

Error of 
dextrose 

Error 

mg. 



mg 

mg 

per eerU 

200 

10 

7 9 

253 2 

+53 2 

+26 6 

175 

11 43 

9 6 

208 3 

+33 3 

+19 02 

150 

13 33 

11 8 

169 6 

+19 6 ; 

+13 06 

140 

14 29 

12 9 

155 0 

+ 15 0 

+10 71 

130 

15 38 

14 2 

140 8 

+ 10 8 

+8 3 

120 

IG 6G 

15 8 

m 6 

+6 6 

+5 5 

110 

18 18 

17 7 

113 0 

+3 0 ! 

+2 72 

100 

20 0 

20 0 

100 0 i 

0 

0 

90 

22 22 

23 2 

86 3 

--3 7 

-4 11 

80 

25 0 

26 8 

74 7 

-5 3 

-6 63 

70 

28 57 

32 1 

62 3 

-7 7 

-11 0 

60 

33 33 j 

40 2 

49 8 

-10 2 

-17 0 


TABLE II 

Various Strengths of Dextfose Solution Read Against a Standard Dextrose 
Solution Equivalent to 200 Mg. of Dextrose per 100 Cc. of Blood, Set 
at 10 on the Colonmeier Scale 


Equivalent in 
dextrose per 100 cc 
blood, of 

dextrose solutions 
tested 

Correct 
! rejiding on 
colorimeter 
for nit 10 

1 concerned 

Average of 
colorimeter 
readings 
obtain^ 

i Dextrose cal- 
culated from 
colorimeter 
[ readings 

Error of 
dextrose 

Error 

mj. 



mg 

mg. 

per cent 

400 

5 0 

4 13 

484 2 

+84 2 

+21 05 

375 

5 33 

4 45 

449 4 

+74 4 

+ 19 89 

350 

5 7 

5 0 

400 0 

+50 0 

+ 14 28 

325 

6 2 

5 35 

373 8 

+48 8 

+ 15 01 

300 

6 66 

5 93 

337 2 

+37 2 

+ 12 4 

275 

7 2 

6 75 

296 3 

+21 3 

+7 74 

250 

8 0 * 

7 5 

266 6 

+16 6 

+6 64 

225 

8 88 

8 55 

233 9 

+8 9 

+3 95 

200 

10 0 

10 0 

200 0 

0 

0 

175 

11 43 

11 98 

166 1 

-8 9 

-5 08 

150 

13 33 

14 15 

141 3 

-8 7 

-5 8 

125 

16 0 

17 63 

113 4 

-11 6 

-9 28 
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solutions were made up as follows: 0.125, 0 15, 0.175, etc., up to 0.4 mg. of 
dextrose per cc. of water, the equivalent of 125, 150, 175, etc., up to 400 mg. 
of dextrose per 100 cc. of blood. Exactly the same procedure outlined for 
Experiment 1 was carried out with these solutions except that the readings 
were made against this stronger standard, 0.2 mg. of dextrose per cc . of 
water, set at 10, instead of at 20, on the colorimeter scale. As in Experi- 
ment 1, the four values obtained for each strength of dextrose solution by 
carrying out determinations in duplicate on a series of such solutions on 
successive days, checked up very closely The average of the four readings 
appears in Table II. 

The readings, obtained in the experiments reported above where 
Folin and Wu blood sugar determinations were carried out on 
dextrose solutions of different strengths and compared with dex- 
trose solutions equivalent to 100 and 200 mg. of dextrose per 100 
-cc. of blood, demonstrate an error too great to be ignored. Other 
experiments, similar to those recorded and some differing from them 
in minor points, permit only the same conclusion. 

All the experiments reported above with solutions of dextrose 
in water were also carried out on blood filtrates. Specimens with 
the different sugar contents were obtained by diluting with water 
an ordinary protein-free blood filtrate in some instances, and in 
others by adding various amounts of dextrose to the water used 
for dilution of the blood preparatory to precipitation of the pro- 
teins. The findings of different experiments with blood filtrates 
did not parallel each other so closely as when carried out with 
aqueous solutions of dextrose, but they were all essentially the 
same and compelled the same conclusions. Furthermore, many 
routine blood sugar determinations read against the two standard 
solutions recommended by Folin and Wu also demonstrated that 
for accurate results with this method, the standard solution used 
must contain very nearly the same amount of dextrose as the 
blood filtrate being tested. 

The outstanding possibilities as to the source of the error in the 
Folin and Wu blood sugar determination which suggest themselves 
are: 

1. The amount of reduction by more concentrated solutions 
of dextrose is possibly not proportional to that by weaker solutions. 

2. The amount of reoxidation of the reduced copper and, there- 
fore, development of color by the added phosphomolybdate- 
phosphotungstate sugar reagent is perhaps not proportional in 
sugar solutions of different strengths. 
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3. The curve of color dilution of the color developed in this 
test may be irregular; in other words, it may not follow Beer’s 
law which states that in colorimetric work the effect of doubling 
the concentration of a colored solution is the same as doubling 

TABLE ni 

Comparison of the Readings Obtained from Dextrose Solutions Read Against a 
Standard One^Half as Strong j with Those Obtained after Dilution 
of the Same Solutions to the Strength of the Standard, 


Tube 

No 



Colonraeter 

reading 

obtained 

1 Correct 
reading for 
ratio 

concerned 

1 

Used as stand- 

Standard dextrose solution 

20 0 

20 0 


ard against 

equivalent to WO mg per 




which all 

100 cc blood, diluted to 25 




tubes that 

cc. mark, read against it- 




follow were 
read 

self. 



2 

Duplicate of 

Standard dextrose solution 

20 0 

20 0 


Tube 1 

ecpuvalent to 100 mg per 
100 cc blood, diluted to 25 
cc mark, read against 
Tube 1 



3 


Standard dextrose solution 

8 3 

10 0 



equivalent to 100 mg per 
JOG cc blood, diluted to 
12 5 cc mark, read against 
Tube 1 



4 1 


Standard dextrose solution 

8 2 

10 0 


i 

equivalent to 200 mg. per 
100 cc blood, diluted to 25 
cc. mark, read against 
Tube 1 



.5 


j Tube 4 diluted with equal 

20 0 

20 0 



portions of water; read 
against Tube 1 


1 


Variations from 20 of less than two-tenths marks on the Vernier scale 
have been disre|?arded in this table 


the depth of the column through which it is viewed. The follow- 
ing experiment, carried out with all the same solutions used in the 
experiments above, sheds light on these points. 
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Experiment S . — The routine Folin and Wu blood sugar determination was 
carried out at the same time on three tubes containing 2 cc. of a OM per 
cent dextrose solution, the standard equivalent to 100 mg. of dextrose per 
100 cc. of blood, and on one tube of a 0 02 per cent solution, the standard 
equivalent to 200 mg. of dextrose per 100 cc. of blood. Two tubes of the 100 
mg. standard were diluted to the 25 cc. mark, and one to a 12.5 cc mark on 
the Folin and Wu blood sugar tube The 200 mg. standard tube was 
diluted to the 25 cc. mark, mixed, and from this solution 5 cc. were taken and 
diluted immediately with an equal quantity of water. All these tubes were 
then read against one of the 100 mg. standard tubes, diluted to the 25 cc. 
mark, set at 20 on the colorimeter scale. The readings appear in Table III. 

The findings in Experiment 3 demonstrate: 

1. That a dextrose solution, which differs much in strength from 
that of the standard against which it is read, will give readings 
which vary widely from those which are correct for the ratios 
concerned. 

2. That such a dextrose solution, when diluted to the same 
strength as the standard after reduction and development of the 
color, will give an absolutely correct reading. 

It is interesting that the O.OI per cent dextrose solution when 
diluted to 12.5 cc. and compared with itself diluted to 25 cc., set 
at 20 on the colorimeter scale, read a little above 8 instead of 10; 
that the 0.02 per cent dextrose solution diluted to 25 cc. read 
against the same standard did not read 10, but also read a little 
above 8, essentially the same as the 0.01 per cent dextrose solu- 
tion diluted to 12.5 cc.; and that a portion of this 0.02 per cent 
dextrose solution, diluted with equal portions of water, read not 
twice as much as the undiluted portion — or between 16 and 17 — 
but compared exactly with the 0.01 per cent solution diluted to 
25 cc. This would indicate that the colorimeter readings differ- 
ing from those which are correct for the ratio concerned, which 
were made in Experiments 1 and 2, were not due to the first two 
possible sources mentioned, that is to differences in the rate of 
reduction of copper in the test or in the development of the color 
obtained, but rather to the irregularity of the curve of color dilu- 
tion of the blin color dealt with. 

The results recorded which justify this conclusion arc only 
obtained when the instructions of Folin and Wu are followed 
closely. Other sources of error are introduced; for example, 
if the dilution after development of color is not carried out prop- 
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erly, and if inferior reagents are used. In regard to the latter, it 
is important to have a good phosphomolybdate-phosphotung- 
state sugar reagent. With an inferior sugar reagent, an addi- 
tional error, apparently due to a disproportionate reoxidation of 
the reduced copper solution, is introduced. With water-clear 
sugar reagents, as insisted upon by Folin and Wu, this error is not 
introduced. If the sugar reagent has a tinge of yellow, this error 
may not be encountered, but it often is. Studies with sugar rea- 
gents are now in progress and will be reported later. Suffice here 
to say that the chemicals employed in its preparation are more 
important than minor variations in technique and that we have 
obtained most satisfactory results with Baker^s molybdic acid 
and Merckxs phosphoric acid. 

In a recent paper by Morgulis, Edwards, and Leggett (3), the 
arsenotungstate solution of Benedict for uric acid determinations 
(4) is modified and used instead of the sugar reagent of Folin and 
Wu. This new reagent develops more color than the sugar rea- 
gent of Folin and Wu, and it was hoped that thereby the error due 
to the irregularity of the curve of color dilution might be elimina- 
ted. In our hands this was found not to be the case; and indeed 
it was hardly to be expected because the authors of this revised 
method report results with it which checked those obtained by the 
Folin and Wu method. 


SUMMARY. 

When Folin and Wu blood sugar determinations are carried 
out on dextrose solutions of different strengths and on blood 
filtrates containing different amounts of dextrose, all except those 
containing approximately the same amount of dextrose as the 
standard used yield readings on the colorimeter differing from 
those which are correct for the ratio concerned, too far to be 
negligible. If, for example, a dextrose solution containing 15 mg. 
per 100 cc. of water, or the filtrate from a blood containing 150 
mg. of dextrose per 100 cc., is read against both the standard solu- 
tion equivalent to 100 mg. and that equivalent to 200 mg. of dex- 
trose per 100 cc. of blood, the readings obtained are such that the 
final calculated results may differ from each other more than 15 
per cent. These observations add further emphasis to the state- 
ment of Folin and Wu that in their quantitative blood sugar deter- 
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mination, the standard solution should contain very nearly the 
same amount of dextrose as the blood filtrate being tested. If 
this test on most blood filtrates is never read against any standard 
but that equivalent to 100 mg., or that equivalent to 200 mg. of 
dextrose per 100 cc. of blood, a large error will result in many 
instances. 

Several sources of error may be demonstrated, but if the instruc- 
tions of Folin and Wu are followed closely, only that due to the 
irregularity of the curve of color dilution of the blue color being 
dealt with, is of sufficient magnitude to be of any importance. 
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In the preceding paper data have been presented to emphasize 
anew the statement of Folin and Wu that in their method for 
quantitative blood sugar estimation^ the standard solution must 
contain very nearly the same amouptl of dextrose as the blood 
filtrate being tested. Examination of these data shows that if 
approximately correct results on all blood filtrates are to be ob- 
tained with this method it would be necessary to have more 
standard solutions than can be used conveniently. This is neces- 
sary, probably in large part although perhaps not entirely, because 
the curve of color dilution of the color developed in this procedure 
is irregular and, therefore, if the standard and unknown are not 
almost the same color at the time the colorimetric readings are 
made, errors are introduced. An error in a method used for 
quantitative work is unfortunate under any circumstances, and 
particularly so in a blood sugar method of widespread popularity 
in these days of insulin therapy of diabetes when correct values 
for the blood sugar, especially when low, are so important. In 
this report a minor modification of the Folin and Wu method 
for blood sugar detennination is presented whereby the color 
developed by the unknown blood filtrate is always the same as 
that of the standard dextrose solution at the time the colorimeter 
readings are made; and one standard alone may be used for com- 
parison with many blood filtrates and two, or at most three 
standards, will make possible correct determinations of the amount 
of dextrose in any blood filtrate ever encountered. 

The modification of the Folin and Wu method for quantitative 
blood sugar determination used in this laboratory consists merely 
in: (1) Diluting the unknown after the addition of the phos- 

1 Folin, O., and Wu, H., J. Biol. Chem.j 1920, xli, 367. 
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phomotybdate-phosphotungstate sugar reagent and development 
of color until it is approximately the same shade as the standard, 
instead of to a constant amount, before colorimel^c comparison 
is made; and (2) introducing this variable factor, the amount of 
dilution, in the final formula for calculating the amount of dex- 
trose in the unknown. The determination is carried out in tubes 


b 



Fig. 1. a, Tube used for the Folin and Wu blood sugar determination, 
b, Tube used for the modified Folin and Wu blood sugar determination. 

differing from those suggested by Folin and Wu* only in that they 
are longer and graduated in steps of 2.5 cc. from 12.5 to 50.0 cc.. 
Fig. 1.2 In eveiy other particular the Folin and Wu technique 
is followed. 

•Satisfactory tubes of this character may be purchased from The Emil 
Greiner Company, New York. 
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This modification will be practical only if the error in the Folin 
and Wu method for estimating blood sugar such as was demon- 
strated in Tables I and II of the preceding paper was due entirely, 
or almost entirely, to irregularity in the cur\^e of color dilution 
of the color developed in the determination. Experiments pre- 
sented in the preceding paper demonstrate that this is so, provided 
the instructions of Folin and Wu are carefully followed. Their 
statement that the phosphomolybdate-phosphotungstate sugar 
reagent must be water-clear is especially important, because if 
it has a yellowish tinge an additional source of error may be intro- 
duced. Other errors may also be present; for example, the amount 
of reduction by more concentrated solutions of dextrose is possibly 
not proportional to that by weaker solutions; the degree of re- 
oxidation which perhaps takes place in performing the determina- 
tion may not be the same for strong and weak solutions of dextrose; 
the amount of water added after development of color may intro- 
duce an error; and several other features must be considered. 
If these errors are present, they are so small that they are within 
the limits of error for ordinary colorimetric determinations, so 
that if that due to the use of inferior reagents is eliminated, the 
only error of consequence remaining is that du*e to the irregularity 
of the curve of color dilution of the color being dealt with. Before 
the modification herein suggested was adopted for routine use, 
however, several experiments were carried out to prove that it was 
practical. 

Experiment 1 . — A specimen of Difeo dextrose shown to be pure by polari- 
scopic examination was used to make dextrose solutions of the following 
strengths 0.11, 0.12, 0.13, etc., up to 0.2 mg. of dextrose per cc. of water, the 
equivalent of 110, 120, 130, etc , up to 200 mg. of dextrose per 100 cc of blood. 
The routine Folin and Wu blood sugar determination was carried out on 
each of these solutions, using 2 cc , exactly as is done with the protein-free 
blood filtrate. At the same time the procedure was carried out with these 
solutions in the new tubes described above, but diluted, after the addition 
of the phosphomolybdate-phosphotungstate sugar reagent and develop- 
ment of color, to the amount at which theoretically they would compare 
exactly in color with the standard containing 0.1 mg. of dextrose per cc. 
diluted, after the addition of the reagent and development of color, to 25 
cc. All these dilutions were made promptly, at as nearly the same time as 
possible. Each test was compared in the colorimeter with a standard 
dextrose solution containing 0.1 mg. of dextrose per cc., the same amount as 
is in the filtrate from a blood containing 100 mg. of dextrose per 100 cc., set 
at 20 on the colorimeter scale. The results appear in Table I. 
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Experiment 2 — Dextrose solutions of the following strengths were pre- 
pared: 0.22, 0.24, 0.26, etc., up to 0.4 mg. of dextrose per cc. of water, the 
equivalent of 220, 240, 260, etc., up to 400 mg. of dextrose per 100 cc. of blood. 
Procedures similar to tho^e outlined for Experiment 1 were carried out on 
these dextrose solutions and the comparison in the coloriiPeter was made 
against a standard dextrose solution containing 0.2 mg. of dextrose per cc., 
the same amount as is in the filtrate from a blood containing 200 mg. of 
dextrose per 100 cc., set at 10 on the colorimeter scale The results appear 
in Table II. 

TABLE I 



Determinations according to 
original Folin and Wu method 
Contents of tubes diluted to 
a volume of 25 cc 

Determinations according to the modified 
method Contents of tubes diluted to 
volume at which the color of the unknown 
should match, theoretically, that of stand- 
ard 

Equivalent m 
dextroee per 
100 cc blood of 
dextrose 
solutions tested 

Average 
of colorim- 
eter 

readings. ^ 

1 

Dextrose 

recovered 

per 

100 cc. 

Error 

Volume to 
which 
contents 
of tubes 
were 
diluted. 

Average 
of colorim- 
eter 

readings 

Dextrose | 
recovered 
per i 
100 cc 

Error. 


Solutions read against the 100 
mg standard set at 20 on 
the colorimeter scale 

Solutions read against the 100 mg standard 
set at 20 on the colorimeter scale 

mff i 


mg. 

per cent 

cc. 


mg. 

per cent 

100 

20 0 

100 0 

0 

25 0 

20 0 

100 0 

0 

110 

17 6 

113 6 

3 3 

27 5 

19 9 

110 5 

0 5 

120 

15 6 

' 128 2 

6 8 

30 0 

19 9 

120 6 

0 5 

130 

14 2 

140 8 

8 3 

32 5 

19 9 

130 7 

0 5 

140 

12 6 

158 7 

13 3 

35 0 

20 0 

140 0 

0 

150 

11 7 

170 9 

13 9 

37 5 

19 9 

150 8 

0 5 


Solutions read against the 200 
mg standard set at 10 on 
the colorimeter scale 


160 

13 8 

! 144 9 

9 4 

40 0 i 

19 9 

IGO 8 i 

0 5 

170 

12 4 

161 3 

5 1 

42 5 

19 8 

171 7 

1 0 

180 

11 7 

171 3 

4 8 

45 0 

19 9 

180 9 i 

0 6 

190 

10 7 

186 9 

1 6 

47 5 

19 9 

191 0 

0 5 

200 

1 10 0 

i 

200 0 

0 

50 0 

19 9 

201 0 

0 5 


Because of the results obtained in Experiments 1 and 2 we 
expected to find that one standard solution would suffice for 
determinations on all blood filtrates; that the color developed by 
the test on the blood filtrate from a blood containing 400 mg. of 
dextrose per 100 cc. when diluted to 50 cc. would match that 
developed by the standard dextrose solution equivalent to the 
filtrate from a blood containing 100 mg. of dextrose per 100 cc., 
when diluted to 12.6 cc. In other words, we expected to find 
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that the color developed by a dextrose solution four times as 
strong as the standard solution, when diluted to 50 cc., would 
match that of the standard solution diluted to 12.5 cc. Such, 
however, was found not to be the case. Under these conditions 
a plus error of about 8 per cent is introduced so that the color 
developed by the stronger solution must be diluted to about 
55 cc. before it matches that of the 100 mg. standard diluted to 
12.5 cc. Apparently, therefore, the possible sources of error men- 
tioned above, other than the irregularity of the curve of color 

TABLE II. 


Equivalent in 
dextrose per 
100 cc blood of 
dextrose 
solutions tested 

Determinations according to 
original Folin and Wu method 
Contents of tubes diluted to 
a volume of 25 cc 

DeteNninations according to the modified 
method Contents of tubes diluted to 
volume at which the color of the unknown 
should match, theoretically, that of stand- 
ard 

j Average j 
of colorim- 
eter 

readings 

Dextrose 

recovered 

per 

100 cc 

Error 

Volume to 
which 
contents 
of tubes 
were 
diluted 

Average 
of colorim- 
eter 

readings 

Dextrose 

recovered 

per 

100 cc 

Error 

Solutions read against the 200 
mg standard set at 10 on 
the colorimeter scale 

Solutions read against the 203 mg standard 
set at 10 on the colorimeter scale 

mg 

1 

mj 

per cent 

cc 


Tng 

per cent 

200 

10 0 1 

200 0 

0 

25 0 

10 0 

200 0 

0 

220 i 

8 6 

232 6 

5 7 

27 5 

10 0 

220 0 

0 

240 

7 7 

259 7 

8 2 

30 0 

9 9 

242 4 ! 

1 

260 

7 0 

285 7 

9 9 

32 5 

9 9 

262 6 

1 

280 

6 0 

333 3 

19 0 

35 0 

10 0 

280 0 

0 

300 

5 6 

357 1 

19 0 

37 5 

10 0 

300 0 

0 

320 

5 7 

350 9 

9 7 

40 0 

9 9 

323 2 

1 

340 

5 1 

392 1 

15 3 

42 5 

9 9 

343 4 

1 

360 

4 9 

408 1 

13 4 

45 0 

9 9 i 

363 6 

1 

380 

4 3 

465 1 

22 4 

47 5 

9 8 1 

387 7 

2 

400 

4 1 

487 8 

21 9 

50 0 

10 0 i 

400.0 

0 


dilution of the color developed, do come into play. When the 
unknown does not differ more than 100 per cent from the standard, 
however, the error introduced by these factors is too small to be 
demonstrated by ordinary colorimetric determinations, but when 
there is a difference much greater than 100 per cent an appreciable 
error creeps in. When the standard dextrose solution equivalent 
to the filtrate from a blood containing 100 mg. of dextrose per 
100 cc. is used for comparison by this revised method with the 
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filtrate from a blood containing 400 mg. of dextrose per 100 oc. 
the error is less than when the determination on a similar filtrate 
diluted to 25 cc. is read against a 200 mg. stand^^rd, diluted to 
the same amount as ordinarily done with the method of Folin and 
Wu. And, inasmuch as absolute values for the sugar of the blood 
when in such great concentration are not necessary in routine 
clinical work, one standard may be used with this revised method 
for all blood filtrates and fairly satisfactory results be obtained. 
If results closely approaching absolute values for all blood filtrates 
are desired, however, standard solutions differing from the sugar 
concentration in the unknown not more than 100 per cent must 
be used. 

To perform the test according to the modification above sug- 
gested the Folin and Wu blood sugar determination on the 
standard dextrose solution (or solutions) chosen and on the 
unknown blood filtrates is carried out in tubes described above. 
After the addition of the phosphomolybdate-phosphotungstate 
sugar reagent and development of color, the test on the standard 
solution is diluted to 25 cc. and those on the unknowns are diluted 
to the cubic centimeter mark on the tube at which the color in- 
tensity most closely resembles that of the standard. The amount 
of dilution of each unknown is recorded and they are then com- 
pared in the colorimctei with the standard preparation. If the 
dilutions of the unknowns in the tubes have h)een made care- 
fully, they should read on the colorimeter scale very nearly that 
figure at which the standard preparation was set. 

When, as here obtains, the dilution of the unknown is not the 
same as the standard solution, the formula presented by Folin 
and Wu for calculating the final results by their method, namely 

20 

leading ^ dextrose per 100 cc. of blood, 

must be multiplied by the fraction 

dilution of unknown 
dilution of standard (25 cc.) 

We have, therefore. 


20 . dilution of unknown 

X 100 X _ 

reading 25 
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or simplifying, 


80 X dilution of unknown 
reading 


' mg. of dextrose per 100 cc. of blood. 


If ftie amount of dilution necessary to make the color developed 
by the unknown blood filtrates match that of the standard is 
considered in relation to the strength and dilution of the standard 
used, a rough idea of the amount of dextrose in the bloods in 
question may be obtained. For instance, if the standard dextrose 
solution, equivalent to the filtrate from a blood containing 100 mg. 
of dextrose per 100 cc., diluted to 25 cc., is used, the values are 
as follows: 


Dilution of unknov^n 
solution 


cc 

12 5 
15 0 
17 5 
20 0 
22 5 
25 0 
27 5 
30 0 


Dextrose per 100 cc 
of blood 


ma 

50 

60 

70 

SO 

90 

100 

110 

120 


DiluHbn of unknown 
solution 


32 5 
35 0 
37 5 
40 0 
42 5 
45 0 
47 5 
50 0 


Dextrose per 100 cc. 
of blood 


mg> 

130 

140 

150 

160 

170 

180 

190 

200 


If the standard dextrose solution, equivalent to the filtrate from 
a blood containing 200 mg. of dextrose per 100 cc., diluted to 
25 cc., is used, the values are as follows: 


Dilution of unknown 
solution 


cc 

12 5 
15 0 
17 5 
20 0 
22 5 
25 0 
27 5 
30 0 


Dextrose per 100 cc 
of blood 


mo 

100 

120 

140 

160 

180 

200 

220 

240 


Dilution of unknown 
solution 


cc 

32 5 
35 0 
37 5 
40 0 
42 5 
45 0 
47 5 
50 0 


Dextrose per 100 oc. 
of blood 


mg 

260 

280 

300 

320 

340 

360 

380 

400 


Folin and Wu point out clearly that in their method for blood 
sugar determinations it is necessary, after the addition of the 
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phosphomolybdate-phosphotungstate sugar reagent and develop- 
ment of the color, to carry out the subsequent dilution on the 
standard solution and on the unknown blood filtrate at the same 
time. Experiments in this laboratory demonstrated the impor- 
tance of this instruction, for if the dilutions of the standard and 
unknown are made 5 minutes apart an appreciable error is intro- 
duced. This observation is of importance in relation to the 
modification of the Folin and Wu blood sugar method here pre- 
sented, because the dilution of the test on the unknown blood 
filtrate is not made all at once, but in two, or more, steps. If one 
keeps in mind the necessity for dilution of the standard and 
unknown at approximately the same time, and works rapidly, 
it is possible to dilute at least sLx unknowns to match the standard 
promptly enough to eliminate this source of error. The method 
of procedure which has been devised with this point in mind is 
as follows; After the addition of the phosphomolybdate-phospho- 
tungstate sugar reagent and development of color — but before 
dilution — the tests on unknown blood filtrates are compared with 
that on the standard dextrose solution. One can tell whether the 
color developed in the unknowns is less than, about the same as, 
or more than that of the standard dextrose solution ; and depending 
on this observation the unknowns are immediately diluted to a 
mark of less than 25 cc, to the 25 cc. mark, or to a mark of more 
than 25 cc. The standard is then diluted to 25 cc., the contents 
of each tube are thoroughly mixed, and they are compared again. 
Any further dilution of the tests on the unknown blood filtrates 
which are necessary to make them about the same color as the 
standard is carried out promptly. If it is expected that any of 
the protein-free filtrates being tested are from bloods containing 
more than 200 mg. of dextrose per 100 cc., it is wise to carry out 
at the same time a preparation not only on a standard dextrose 
solution containing 0.1 mg, per cc. of solution, but also on one 
containing 0.2 mg. per cc. of solution; for, as stated above, accurate 
results cannot be obtained by comparing the test on such a blood 
filtrate with the weaker standard diluted to 12.5 cc. With a little 
practise on the procedure outlined, it is possible to match the 
color of the test on unknown blood filtrates with that of the 
standard dextrose solution diluted to 25 cc. very rapidly, and in 
most instances in no more than two steps. 
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Sinc^, in the procedure suggested, the total dilution of the test 
on unknown blood filtrates is not carried out all at once, but by 
the addition of smaller amounts of water several times, it is 
necessary in mixing the contents to invert the tube more often 
than in the original method. It seemed possible that, under these 
circumstances, enough fluid would be lost on the stopper and 
around the mouth of the tube to introduce an appreciable error. 
This, however, was not found to be so. A tube filled with water 
inverted fifteen times, the stopper being removed after each third 
inversion, showed no diminution in the volume of its contents 
that could be made out on gross inspection. This number of 
inversions is sufficient to mix thoroughly with its contents water 
added to a tube five different times, pore than is ever necessary 
in carrying out the procedure presented above. 

SUMMARY. 

If correct values are to be obtained with the Folin and Wu blood 
sugar determination it is essential, for the colorimetric comparison, 
to have the color finally developed by the blood filtrate being 
tested very nearly the same as that developed by the standard 
dextrose solution with which it is to be compared. • This neces- 
sitates for accurate results the use of more standard solutions than 
is convenient. In this paper the details of a technique are pre- 
sented in which the color developed by the unknown blood 
filtrate with the Folin and Wu method is the same as that of the 
standard dextrose solution when the colorimetric readings are 
made; and one standard may be used for many bloods, and two 
or at most three make possible accurate determinations of the 
dextrose in any blood every encountered. The modification here 
presented consists simply in diluting the unknown in the test- 
tube after the addition of the phosphomolybdate-phosphotung- 
state sugar reagent and development of color until it is approxi- 
mately the same color as the standard, and including this variable 
factor in the formula for calculating the final results. 




INSULIN AND PHLORHIZIN DIABETES. 
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The advent of insulin and its now well recognized effects upon 
diabetes of the pancreatic type, afford a new test ‘ whereby the 
characteristics of phlorhizin diabetes and pancreatic diabetes 
may be compared. All earlier studies of the diabetic state induced 
by plilorhizin have confirmed its unique character; and recently 
Nash and Benedict (1) advanced the view that phlorhizin effects 
an intrinsic impairment of the sugar-burning mechanism. If this 
hypothesis is true, insulin — so far as its properties are now 
known — should not cause the utilization of sugar by the phlor- 
hizinized animal; or, at most, should produce a very limited effect 
(such as might be attributed to a transient mass action factor). 
Accordingly, the administration of insulin to phlorhizinized dogs 
was undertaken by the present writer. While several details of 
the problem are still being investigated it has seemed desirable to 
submit now the results so far obtained. 

GENERAL PROCEDURE. 

Fasting female dogs were employed in the experiments. Begin- 
ning on the 3rd day of fasting the animals were injected sutn 
cutaneously with an olive oil suspension of phlorhizin, at intervals 
as shown in the tables. On the 3rd phlorhizin day an injection 
of insulin was given. 

All urines were taken by catheter (unless otherwise noted) 
and were analyzed in duplicate. Total nitrogen was determined 
by the macro Kjeldahl procedure, and total reducing sugar by the 
Allihn method. 

Blood was obtained through an aspirating needle from the jugu- 
lar vein. Potassium oxalate was employed as the anticoagulant. 

453 



Dog 1. Female Weight 11.5 kilos. Last feeding, 9.00 a.m , Mar. 22. Beginning Mar. 24, 1.0 gm. of phlorhiein in 
olive oil was injected subcutaneously at 9.00 a.m. daily 
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Jugular vein 
blood sugar per 
100 cc 

Folm- 

Wu 

method 

ci r-l (N CO O 

I 00 lO TtH 

83 

8 


40 

56 


Bene- 

dict 

method 

&, o o 

(N OO W OS 

124 

§ 


70 

96 


' Urine. 

D N 


3 38 

O CO <N 1^ 
^ O O 

CO CO CO CO 

3 11 

l- os CO I-H 

O O CO N CO 

CO CO 01 CO 

3 36 

Sugar 

Per hr 

s 

1 16 

1 47 

1 30 

1 28 

1 28 

1 31 

1 58 

1 28 

0 86 

1 26 

1 20 

Total 

s 

Ca 

27 90 

r-4 lO 1-1 

cc o lO lo 

CO 00 CO (N 

30 94 

CO CO CO 'co*^^ 
rH lO W t'- 1-1 

CO (N '■f *-< l>- 

28 90 

1 

<4-^ 

z 

5 

Ph 

s 

0 34 

0 43 

0 41 

0 42 

0 42 

0 42 

0 51 

0 43 
e 35 

0 33 

0 36 

Total 

C6 

8 25 

o lO CO 

1-1 lO GO 

tH (N »0 O 

9 95 

CO »Q 1'- 
O X 1^ l-H 

rH O rH (N (N 

8 59 

Vol- 

ume. 

s 

445 

72 

106 

205 

35 

418 

O CO W CO »o 

10 CO OJ 1-H 00 

tH r-i 

639 

Time of 

i 

0 

3 

1 

9 00 a m 
10.00 “ 
11.00 ‘‘ 

3 00 p m 

9 00 a m 
to 

9.00 a m 

9 25 a m 

12 00 n. 

6 10 p m 

7 00 a.m 

9.00 “ 

Total 

11 00 a m. 

1 00 p m. 

6 00 
to 

9.00 a.m. 

Total 

Date. 


Mar. 23 

Mar. 24 

Mar, 25 

Mar. 25 

Mar. 26 

Mar 26 

Mar, 27 


* The two urines, obtained between 6 00 p m., Mar, 26, and 9.00 a.m., Mar. 27, were for indeterminate separate intei*^ 
yals, the first being collected in the cage during the night and the second by catheter. 
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^ach blood specimen was anaJyajed in duplicate for sugar, both by 
the Benedict (2) and the Folin-Wu (3) methods. 

Merckxs phlorhizin and the ^^H-10 Iletin,” as supplied by Eli 
Lilly and Company, were used. The potency of the Iletin was 
ascertained in each case by a preliminary injection on the 2nd 
fasting day. 

EXPERIMENTAL.^ 

Protocols of the experiments are given in Tables I and II. 
The experimental plan was the same for the two dogs, and the 
results in the two cases are essentially identical. Since, how- 
ever, the results for Dog 3 are somewhat more complete than for 
Dog 1 discussion will be confined chiefy to the former. 

In presenting the blood sugar findings only the values given by 
the Benedict method will be dealt with. It is of interest to note, 
however, the approximately constant difference in the two sets of 
values at different levels. 

Dog 3 was a vigorous, healthy female which had been kept in 
the laboratory for several weeks at practically constant weight on 
a diet of dog cakes. After a feeding at 9.00 a.m., May 17, the 
animal received no food until the termination of the experiment, 
6 days later. 

At 11.03 a.m.. May 18, the animal received subcutaneously in 
the abdominal region 0.75 cc. of “H-10 Iletin,” supposedly equiva- 
lent to 7.5 units of insulin. The dosage was measured as accu- 
rately as possible in a tuberculin syringe. A control blood, 30 
minutes previously, contained 0.122 per cent of sugar. 2 hours 
after the iletin injection the blood sugar had fallen to 0,083 per 
eent, but after a further interval of 4 hours was again at the initial 
level, 0.122 per cent. (In the case of Dog 1 recover}^ of the initial 
blood sugar level was delayed beyond 6 hours.) Coincidently 
with the fluctuations in the blood sugar concentration there was an 
unmistakable, inverse variation in the rate of nitrogen excretion 
in the urine. In two 2 hour control periods preceding the iletin 
dosage the average hourly excretion of nitrogen was 241 and 234 
mg., respectively. For the first subsequent 2 hour period this 
rate was practically unchanged (241 mg.) ; but in the next follow- 

* The writer is indebted to Mr. B. K. Harned, of this department, for 
technical assistance in the work. 
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1.0 cc of H-10 Iletin (10 units) injected at 
1 1 00 a.m. Maximal symptoms observed 
from about 12 00 n. to 2.30 p.m., but 
dog remained drowsy and weak for about 
10 hrs. 


1 

Dog in splendid condition at end of 

1 experiment. 
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9 00 
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May 20 

May 21 

May 21 

May 22 

May 22 

May 23 
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ing 2 hour period the rate suddenly jumped to 300 mg. per hour^ 
an increase of about 25 per cent. From this maximum there was a 
gradual drop to an average of 179 mg. per hour for the 14 hours 
which close this day. Probably the data do not show the lowest 
level of nitrogen excretion attained, nor is it possible to say 
whether the drop was in any degree compensatory or directly 
influenced by the iletin injection. Normally, this would be a 
period of diminishing nitrogen excretion by a dog previously well 
nourished. We incline to the view that the temporary rise noted 
in the nitrogen excretion reflects an increased nitrogen catabolism 
stimulated by the fall below the existing level of the blood sugar. 
The phenomenon would thus be comparable to the increased pro- 
tein metabolism in phlorhizin diabetes, where there is a continuing 
hypoglycemia. Ringer (4) has shown that in the latter condition 
. . . the diminution in the concentration of glucose in 

the blood is an essential factor in the rise of protein metabolism.'' 

The physical symptoms parallel the blood sugar variations. 
Within about 1 hour after the iletin injection S 3 anptoms of weak- 
ness and drowsiness were apparent. The dog curled up in the 
cage and refused to stir or rise at call. By 1.00 p.m. these condi- 
tions were very pronounced. The respiration was very slow and 
deep. A little later muscular twitchings and labored heart action 
were observed. At 3.00 p.m. the state of the animal was appar- 
ently somewhat improved, and 2 hours later was again apparently 
normal. 

Beginning May 19, the animal received daily at 9.00 a.m. 
subcutaneous injections of 1 gm. of phlorhizin in olive oil. In the 
first two subsequent 24 hour periods we have the usual picture of 
rising nitrogen metabolism and falling D.N quotients. 

During the second 24 hour phlorhizin period the D : N quotients 
were reasonably constant, the average ratio for the period being 
3.58. It is true that in the two control urines from 7.00 to 11.00 
a.m., May 21, the D:N values were somewhat elevated — 3.97 and 
4.14, respectively; but in our experience such rises in the morning 
ratios are the rule rather than exception, and are frequently ob- 
served even after more prolonged phlorhizin administration. 

The blood sugar at 10.00 a.m.. May 21, was 0.096 per cent, as 
compared with the fasting prephlorhizin value of 0.122 per cent* 
1 hour later the animal received subcutaneously, in the abdomen^ 
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I. 0’ cc. of “H-IO (10 units). At 1,00 p.m. the blood sugar 

was 0.080 per cent; at 5.00 p.m., 0.071 per cent; and at 9.00 a.m., 
May 22, 0.091 per cent. 

The physical symptoms following iletin injection were quite 
similar to, but more severe than, those noted in the prephlorhizin 
test. These symptoms of weakness and drowsiness were observ- 
able within 30 minutes of the injection and were at a maximum 
from about 12.00 n. to 1.00 p.m. During this hour the animal 
was practically comatose, and doubt was felt that it would survive. 
Later in the afternoon there was rapid recovery; at 5.00 p.m. the 
animal seemed definitely over the iletin effect. Still later there 
was a moderate relapse, but the following morning the animal was 
found in veiy good condition. 

Following the injection of iletin there occurred a marked disturb- 
ance of the D:N ratios. With the falling blood sugar there was a 
sharply diminished excretion of sugar in the urine. The hourly 
rate decreased from 1.82 gm. for the 2 hour control period ending at 

II. 00 a.m., to about 0.90 gm. for the period from 1.00 to 5.00 p.m. 
Then occurs a sharp rebound which extends temporarily above the 
average control rate. Coincidently with the fall in sugar elimina- 
tion, the rate of nitrogen excretion also drops off. While this drop 
is not so rapid it is much more prolonged, reaching the lowest level 
in the urine from 7.00 to 9.00 p.m. Here the hourly rate of nitro- 
gen elimination is 272 mg. as compared with the control rate of 
440 mg. Thus the D:N quotients first fall, then rise, and finally 
fall again to the uncomplicated phlorhizin level. The lowest 
D:N ratio, 2.47, occurs in the urine from 3.00 to 5.00 p.m., and 
the highest, 6.77, in the 7.00 to 9.00 p.m. urine. 

DISCUSSION. 

In our opinion the most striking phenomenon in these experi- 
ments is the marked diminution in nitrogen excretion by the phlor- 
hizinized dog following injection of insulin. (We may contrast 
this phenomenon with the increased nitrogen metabolism following 
insulin administration to the fasting non-phlorhizinized dog.). 
In Dog 3 the total urinary nitrogen was, for the 24 hours imme- 
diately preceding the insulin period, 10.60 gm.; for the 24 hour 
period in which insulin was given, 8,01 gm.; and for the imme- 
diately succeeding 24 hour period, 10.55 gm. In other words, 
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following the administration of 10 units of insulin there was a 
decrease of 2.5 gm. in the total nitrogen of the urine. But two 
possible explanations of this effect suggest themselves to us: 
Either insulin induces a specific retention of nitrogen (as by 
lessening kidney permeability) ; or there is a sparing action upon 
the protein metabolism. The first of these possibilities is unlikely, 
since there is little indication of a compensatory rise in nitrogen 
excretion during the postinsulin period. Thus the average hourly 
excretion of nitrogen was, for the 24 hour fore period, 441 mg.; 
for the 24 hour insulin period, 334 mg. ; and for the 24 hour after 
period, 439 mg. 

On the other hand, if the protein metabolism is spared, we might 
expect just the order of disturbance in the D:N ratios that we do 
in fact find. Nash and Benedict (1) have shown that the phlor- 
hizinized dog eliminates sugar more rapidly than urea which origi- 
nates simultaneously. Consequently, any changes in the rate of 
nitrogen metabolism are more quickly reflected in the urinary 
sugar than in the urinary nitrogen. Changes in the urinary 
nitrogen are appreciably retarded by reason of the “nitrogen 
lag.^’ Hence, with the D:N at a certain value, if the protein 
metabolism is suddenly diminished the D:N will first fall below 
the initial value, then rise above the initial value, and finally be 
reestablished at the initial value. Furthermore, if the protein 
metabolism is first depressed and then rises again before the above 
series of readjustments in the D:N quotients is completed, the 
elevation of the intermediate ‘quotients may be exaggerated, and 
the reestablishmeni of the normal quotient may be considerably 
postponed. It is apparently just such a series of fluctuations that 
we find in the case of Dog 3 following the insulin dosage. When 
the lowest level of nitrogen excretion was found in the urine from 
7.00 to 9.00 p.m,, May 21, the rate of nitrogen metabolism was 
probably already recovering from its temporary depression; but 
the final elimination of the increased nitrogenous waste was seem- 
ingly carried over into the subsequent 24 hour period. 

But if the second possibility is true, how may the sparing of the 
protein metabolism be explained? Ringer (4) has analyzed pro- 
tein metabolism into three components: (1) The “wear and 
tear^' quota; (2) the “dextrose nitrogen” which represents the 
amoimt of protein catabolized in excess of the “wear and tear” 
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quota when the calorific requirement is covered exclusively by fat; 
and (3) the * ^complementary nitrogen’^ which represents a 
further increment of protein catabolized for dynamogenetic pur- 
poses in fasting. The nitrogen metabolism in phlorhizin diabetes 
is a function of all these components. 

The * 'complementary nitrogen’^ may be spared by any foodstuff; 
we may consider first the hypothesis that insulin made possible the 
combustion of some carbohydrate. Our data do not positively 
deny or confirm this possibility; it would seem that only respira- 
tory and calorimetric measurements could definitely decide the 
question. But, certainly, if carbohydrate was burned the amount 
was very small, and this despite the prolonged effect upon the 
blood sugar concentration of an amount of insulin calculated to 
make available to the diabetic of the pancreatic type up to 40 gm. 
of carbohydrate. The total sugar output in the urine for the 24 
hour insulin period was 34.84 gm. as compared with 38.01 and 
33.68 gm. in the fore and after periods, respectively. Further- 
more, the average D:N of the 24 hour insulin period was 4.35, a 
significantly high value. Indisputably, sugar was withdrawn 
from the blood under the influence of insulin, and, consequently, 
we find for this part of the period a sharply diminished elimination 
of sugar in the urine; but that the sugar so withdrawn was later 
surrendered again to the blood is indicated by the sudden rise in 
sugar excretion beginning about 6 hours after the injection of insu- 
lin. We believe these findings substantially corroborate the view 
that phlorhizin effects an intrinsic impairment of utilization of 
sugar by the tissues. 

If carbohydrate is not burned but is only temporarily withdrawn 
from the blood and concentrated in the tissues, whether as glucose 
or glycogen or some other form, w'ould this circumstance account 
for a sparing effect upon the protein metabolism? It is difficult 
to see how the "complementary nitrogen^^ component could thus 
be affected, since this involves dynamogenetic equivalents. But it 
would seem that the "dextrose nitrogen” component might be 
diminished. It has been shown repeatedly that increasing the 
concentration of sugar in the tissues of the phlorhizinized dog, by 
feeding glucose, spares the protein metabolism though none of the 
ingested sugar is burned; if, under the action of insulin, carbohy- 
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drate is concentrated in the tissues at the expense of the blood 
sugar, we should expect a similar sparing influence. 

There remains the possibility that the "complementary nitrogen” 
component may be spared at the expense of an increased or more 
complete fat metabolism. One of the most remarkable effects 
of insulin in pancreatic diabetes is the very prompt disappearance 
of acetone bodies from the urine, and the increase in the carbon 
dioxide-combining power of the blood. These changes may — in 
fact usually do — occur before the urinary sugar is brought down 
to a normal level. In both Dogs 1 and 3 it was observed that the 
urines became distinctly less acid to litmus following insulin injec- 
tions; but at the time this fact did not impress us strongly. The 
urine of Dog 3 from 1.00 to 3.00 p.m.. May 21, was neutral to 
litmus; in the immediately preceding and following 2 hour urines 
the reaction was faintly acid; and at all other times the urine reac- 
tion was strongly acid. Not having anticipated the possibility of 
a direct effect of insulin upon the fat metabolism we were not 
prepared at the time to follow out the above observations. How- 
ever, we are now engaged in investigating further this and other 
questions raised herein. 
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THE ACTION OF AMMONIUM HYDROXIDE AND OTHER 
ALKALINE COMPOUNDS UPON INSULIN * 

By E. J. WITZEMANN and LAURA LIVSHIS. 

{From the Otho S. A. Syr ague Memorial Institute ^ Laboratory of Clinical 
Research^ Rush Medical College^ Chicago ) 

(Received for publication, August 7, 1923.) 

This paper is a report upon our obs^ations on the lability^ 
of insulin in the presence of alkali. 'These experiments were 
undertaken, first, in order to determine the influence of reaction 
conditions upon the activity of insulin, as a rational preparation 
for later attempts to isolate a definite chemical compound having 
insulin properties; and second, in order to obtain some hint, 
if possible, as to the chemical nature of the group or groups which 
contribute the particular property which characterizes insulin. 

L Action of Aimnonium and Potassium Hydroxides on In-- 
sulin . — In Tables I and 11 are given the results of the action of 
ammonium hydroxide and potassium hydroxide upon insulin, 
which we prepared from fresh beef pancreas by the Collip method. 
The preparations were injected into rabbits that had been fasted 
during the 18 hours previous to injection. The blood sugar 
concentrations were determined before and again 2 hours after 
injection, unless the rabbits suffered convulsions, in which case 

* We wish to express our gratitude to various executives in Swift and 
Co., Chicago, for supplying us, without cost, with the beef pancreas used 
in this and other work upon insulin done in this laboratory. 

‘ Best and Macleod (Best, C. H., and Macleod, J. J R., J. Biol, Chem. 
1923, Iv, p. xxix) say that: ‘Moderate degrees of alkalinity (to litmus) 
do not affect the strength of insulin during a period of 6 minutes at room 
temperature. We cannot as yet state the degree of alkalinity which insulin 
can withstand." This is the only statement that we have found in the 
literature on the behavior of insulin with alkali (Since this paper was 
sent in for publication Dudley (Dudley, H. W., Biochem. J, 1923, xvii, 376) 
has published some data on the destruction of insulin by NaOH solutions 
and by boiling Na^COj solutions.) 
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Experiments with Ammonium Hydroxide, 
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blood was taken when convulsions were first observed as stated 
in the tables under the heading, '^Remarks/' On the dates 
indicated the alkaline solutions were acidified with hydrochloric 
acid (i,e, made distinctly acid to litmus) and subsequently 
injected again to determine if the insulin activity had been re- 
stored. That 0.3 cc. of the preparations used in these experi- 
ments always produced pronounced convulsions was determined 
by control experiments with the preparations in which 1.5 cc. were 
diluted with 3.5 cc. of water so that 1 cc. of dilute solution could 
be injected as in the alkali experiments. These control results 
are not given. 

In Experiment 1 the insulin had become completely inactive 
in 6. days. When it was acidified, on the supposition that a 
reversible reaction is involved rather than a destructive reaction 
such as saponification or hydrolysis, the animal was thrown into 
convulsions a little sooner than it normally was by the unchanged 
original preparation. The blood sugar was also reduced to the 
level characteristic of convulsions. This experiment was the 
first one made and it was some time before we obtained the 
same result again. 

In Experiment 2 the insulin activity was reduced considerably 
in a week. Since about 0.2 cc. of the original preparation lowered 
blood sugar to 0.03 per cent and produced convulsions, it was 
about 50 per cent inactivated in this experiment. When acidified 
it recovered its original strength fully. The same result was 
obtained in Experiment 3. 

With insulin preparation No. 52 a little more ammonium 
hydroxide was added and the insulin became completely inactive 
in 2 days. This was confirmed on another rabbit the next day. 
The solution was then acidified and injected an hour later. Its 
activity was partially restored. It remained unchanged when 
injected the next day, but 2 days later had apparently regained 
somewhat more of its original activity. 

In Experiment 5 we attempted to repeat No. 4, but the insulin 
lost nothing in activity in 3 da,ys although the materials used 
were all portions of those that had been used in Experiment 4. 
Out of 30 or more experiments we obtained this result but once. 
It may have been due to the loss of ammonia around a loose 
stopper. 
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In Experiment 6 a much older preparation was practically 
entirely inactivated and restored to full strength when injected 
at once after acidifying. The last two injections in this experi- 
ment were made within a few minutes of each other. 

The results of the experiments with potassium hydroxide 
require little comment. In Experiments 7 and 8 inactivation 
was complete and not reversible upon acidification. In Experi- 
ments 9 and 10, which contained one-tenth as much alkali, in- 
activation was slower but, as found in Nos. 9 and 11, irreversible 
upon acidification even after standing 2 days. In Experiment 11 
inactivation was complete after 3 days, although in Experiment 
10 inactivation was not well under way even in 5 days. 

2. AcUon of Disodtum PhosphatCj Sodium Carhonatej and 
Bicarbonate on Insulin. — Some experiments were made on the 
action of these compounds upon insulin. The experiments 
were not extended since no pronounced effects were observed. 
In general, the prolonged action of these substances in the con- 
centration used diminished the activity of the insulin enough 
to do away with the symptoms of convulsions although the 
blood sugar was reduced to about the level for convulsions. 
When acidified, however, these solutions that had been some- 
what ^‘darnponed’^ by the alkali compounds were restored to 
full activity. In fact, they often seemed to be stronger in their 
effects than the controls with the untreated insulin. 

3. The Velocity of Inactivation and Reactivation of Insulin 
at Room Temperature. — In order to determine the velocity of 
reactivation of insulin completely inactivated by ammonium 
hydroxide, the preparation in Experiment 6 was acidified and 
injected as quickly as possible afterward {i.e. within a minute 
or so). The results showed that insulin was restored to full 
activity by the time it had been absorbed from the point of 
injection. In the rabbit that received the inactive preparation 
there was a slight reduction of blood sugar, indicating that per- 
haps a little unchanged insulin remained in solution. In the 
other rabbit, this preparation, after having been acidified, be- 
haved as though it had never been inactivated. A similar and 
more perfect result of this kind is recorded in Experiment 19. 
The results on the action of ammonium hydroxide show that 
insulin requires aVleast several days to be completely inactivated 
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in our experiments, but does not require more than an hour or 
so, at most, to be completely reactivated. 

4, Attempts to Catalyze the Action of Alkali on Insulin , — In 
Section 6 the action of ammonium hydroxide upon insulin is 
discussed as a keto-enol rearrangement. As is well known, such 
rearrangements are subject to catalytic influence in both direc- 
tions. We were therefore interested in determining to what 
extent the inactivation of insulin by alkalies is subject to catalysis. 

In a study of the action of alkali upon the oxidation of butyric 
acid^ it was found that although potassium hydroxide alone 
is incapable of catalyzing the oxidation of butyric acid it pro- 
motes the action of ammonium hydroxide and may be substituted 
for part of it. Our first experiments were therefore made with 
mixtures of ammonium and potassium hydroxides. 

The result in Experiment 18, especially, was surprising. The 
quantity of potassium hydroxide added (0.0028 gm.) was only 
one-fifth of that added in Experiment 10 in which insulin was 
not much inactivated even after some days. The effect of the 
addition of these small amounts of potassium hydroxide was to 
catalyze the permanent inactivation of insulin by ammonium 
hydroxide and to convert the reversible ammonium hydroxide 
effect into the irreversible potassium hydroxide effect. The result 
was a catalysis of the destructive reaction of alkali by ammonium 
hydroxide. 

When Experiment 18 was repeated it was confirmed several 
times and then we finally obtained the results given in Experi- 
ment 19. This result is nearly 100 per cent different from that 
of the preceding experiment, and constitutes a catalysis of the 
reversible ammonium hydroxide effect. 

Similar experiments were made using only 0.01 cc. of 1.0 N 
KOH, but the results so far obtained show no distinctive dif- 
ference in comparison with the results obtained with ammonium 
hydroxide alone. 

Other experiments were made substituting 0.2 to 1.75 cc. of 
the 1.0 N NH4OH with 5 per cent Na 2 C 03 . As near as we can 
tell the most frequent effect of the Na 2 C 03 is to prevent the 
inactivation of insulin by ammonium hydroxide. 

* Witzemann, E. J., J. Biol, Chem., 1921, xlix, 123. 
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In brief, these preliminary results indicate that the effects of 
mixed alkalies do give rise to catalytic effects subject to the 
same unexplained vagaries as the simple alkalies. 

5. The Nature of the Chemical Action of Alkaline Compounds 
on Insulin , — The results in the preceding sections show two dis- 
tinct types of effects of alkaline compounds upon insulin, and 
possibly a third. 

a. One of these is the striking reversible inactivation of insulin 
by ammonium hydroxide, which will be briefly discussed in the 
next section. 

b. Another reaction which is typically obtained with potas- 
sium and sodium hydroxides is an irreversible destructive reac- 
tion. The writers are under the impression that this reaction is 
possibly an autohydrolysis due to the alkali, analogous to the 
autohydrolysis of alkali caseinates studied by Walters,® or some 
other reaction not reversible by acid. 

c. The peculiar effect of sodium carbonates and phosphate 
was that they did not often (in the 25 to 30 observations made) 
appear to modify greatly the capacity of insulin preparations 
to lower the blood sugar, but did generally diminish what may 
perhaps be considered to be secondary effects; namely, convul- 
sions. On the contrary, when the same preparations were acidi- 
fied they appeared to cause somewhat greater lowerings in the 
blood .sugar and more profound convulsions than the same prep- 
aration gave in the control experiments. Acidification of the 
untreated insulin preparation used in the control experiments 
did not give any pronounced increase in the effect. We are dis- 
posed to consider that in these alkaline preparations the chemi- 
cal group in the insulin molecule that gives rise to these secondary 
effects becomes masked by condensing with other molecules 
present in the preparation, but that this does not effectively 
interfere with the action of the same or another group upon the 
sugar of the blood. 

Our experiments with ammonium hydroxide as a whole gave 
three types of results: (1) the insulin was not appreciably in- 
activated; (2) the insulin was reversibly inactivated; and (3) 
the insulin was irreversibly inactivated. The first type of results 

* Walters, E. II., J, Biol. Chem., 1912, xii, 43; c/. also Mann, G , Chem- 
istry of the proteids, London, 1906, 90, 337. 
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was obtained occasionally and is mentioned here for complete- 
ness because we are not yet sure that we can always avoid it 
and get the second type of effect. More than half the time 
we got the mixed effect of Types 2 and 3. Our difficulty was to 
get to Type 2 without going on to T5^pe 3. We were, therefore, 
unable to predict in any given case which result would be ob- 
tained, even when the same materials were used. Owing to the 
impossibility of controlling all the variables that seem to be 
involved (such as the purity of the insulin, especially) we have 
contented ourselves with a qualitative survey of this aspect of 
the problem for the present, and hope to get a clearer insight into 
the factors involved by widening rather then intensifying our 
attack. Enough of our characteristic results have been included 
in this paper to illustrate all the effects observed. 

6, Possible InterpreiaUon of the Action of Ammommn Hydrox-- 
ide upon Insuhn. — The available chemical results upon insulin 
are as yet far too meager to provide a satisfactory basis for the 
interpretation of the reversible transformation of insulin de- 
scribed above. It should, however, not be misleading to con- 
sider briefly what the results obtained suggest concerning the 
constitution of insulin. 

The definite chemical facts developed in this paper clearly 
suggest that the reversible effect of ammonium hydroxide in- 
volves a tautomeric rearrangement such as • CO • NH • i=^C(OH) : N • 
or • CO • CHR(or H)?± • C(OH) : CR(or H). These two groups are 
mentioned solely because the first is the most abundantly weU 
known tautomeric group occurring in protein-like compounds, such 
as insulin appears to be,^ and the second is the hitherto most 
abundantly studied rearrangement of this kind.*^ 

When the results are considered in this way, interesting and 
important analogies between insulin and other biochemical cat- 
alysts are suggested. Thus the pioneering results of von Euler 
and Svanberg® on the reactivation of '^poisoned'' or inactivated 

* Witzemann, E. J., and Livshis, L , J, Biol. Chem,, 1923, Ivii, 425. 

* Meyer, V., and Jacobson, P , Lehrbuch der organischem Chemie, 
Leipsic, 2nd edition, 1902, iii, 1137. Meyer, K. H., Ann, Chem.y 1911, 
ccclxxx, 212; Meyer, K. H., and Kappelmeier, P., Ber, chem. Ges„ 1911, 
xliv, 2718; 1912, xlv, 2843. Knorr, L , Rothe, O., and Averbeck, H., Ber, 
chem. Ges.f 1911, xliv, 1138. Dimroth, O , Ann. Chem.^ 1904, cccxxxv, 14. 

* von Euler, H., and Svanberg, O., Fermentforsch.y 1919-20, iii, 330, 
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enzymes are of special interest in this connection. The poisoning 
effect of heavy metals (HgCl* and AgNO*) upon invertase is com- 
pletely reversible. Their results on the reversible inactivation of 
invertase by eleven amines’ led them to consider that the 
aldehyde group determines this property of invertase. Meanwhile, 
Woker and Maggi* consider for entirely different reasons that 
the effects of peroxidase, catalase, reductase, and diastase are de- 
finitely due to the aldehyde group and have proposed formalde- 
hyde as a chemical model for these four types of enzymes, since 
it shows all these types of chemical activity. 

The results cited above as well as other work that is not men- 
tioned are interesting in connection with insulin mainly because 
they suggest ways of extending the study of the labile group 
involved in the reversible transformation described. 

SUMMARY. 

The results described in this paper show that insulin is 
more or less completely inactivated at room temperature by 
0 5 or 0.7 N ammonium hydroxide in the course of some days 
and that its original activity is usually quickly restored on acidify- 
ing the ammoniacal solution with hydrochloric acid. It was 
also found that sodium and potassium hydroxides even at 0.1 n 
concentration inactivate insulin irreversibly at room tempera- 
ture. Sodium carbonate and bicarbonate and disodium phos- 
phate had almost no action upon insulin. Some exploratory 
experiments on the effects of mixed alkalies upon insulin indi- 
cate that the above reactions are also subject to secondary 
accelerative and retarding effects depending on the mixture 
used. 

The known facts concerning the reversible inactivation of 
insulin by ammonium hydroxide suggest a tautomeric rearrange- 
ment. Nothing definite can yet be said as to the nature of the 
groups that would be involved in this rearrangement. 

’ von Euler, H., and Svanberg, O., Formentforgeh., 1920-21, iv. 29 64. 

143. >> I 

> Woker, G , and Maggi, H., Ber. ehem. Ges., 1919, lii, 1594. Maggi.H., 
Formentforsch , 1919, ii, 304, 



ANIMAL CALORIMETRY. 

Twenty-Thied Papeb. 

THE INFLUENCE OF THE METABOLISM OF THE NUCLEIC ACIDS 
ON HEAT PRODUCTION. 

By MICHAEL RINGER and DAVID RAPPORT. 

{From the Department of Physiology y Cornell University Medical College, 

New York Cityf) 

(Received for publication, October 5, 1923 ) 

The influence of the metabolism of the major foodstuffs — 
carbohydrates, proteins, fats — on heat production has a very 
extensive literature. Very little, however, has been reported 
on this aspect of the metabolism of the nucleic acids. It is 
reasonable to inquire into this subject. The nucleic acids are 
undoubtedly vital constituents of cells, yet the significance of 
their metabolism, or indeed of their derivatives, is little under- 
stood. What is the role of the exogenous nucleic acids in the 
body? There is good evidence that they are not needed for 
the synthesis of the nuclear materials of the cells (1). From 
the caloric standpoint they very likely have some nutritional 
value, but this must be quite inconsiderable in comparison with 
the energy derived from the major foodstuffs. 

Estimating from the amount of uric acid eliminated, a normal 
adult may in a day metabolize from 2 to 4 gm. of nucleic acid. 
On a diet very rich in cellular materials, such as liver or sweet- 
bread, the amount of nucleic acid utilized may reach more than 
twice that amount. Under pathological conditions, as in leucemia 
and in the resorption of leucocytic exudates, it may rise con- 
siderably higher. Assuming a maximal metabolism of 10 gm. 
of nucleic acid a day, the calories to be derived from this source 
are probably not more than 25. 

30 per cent of the thymus nucleic acid molecule by weight is phosphoric 
acid. This can give no heat. 40 per cent is hexose. This substance 
might, therefore, yield 16 calories. The data on the caloric possibilities 
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of the purines are imperfect, although the intermediary metabolism is 
well understood. Guanine, in the bomb calorimeter (2), has a value of 
3.9 calories, and uric acid 2.8 calories to the gram, so that the transfornla- 
tion from the former to the latter yields 0.8 calorie (1 gm. of guanine « 
1 1 gm. of uric acid). It must be remembered that this value includes the 
heat of oxidation of the ammo group to nitric acid. Physiologically the 
ammo group goes over to urea without giving heat, hence the nutritional 
caloric value of guanine would be much less than 0 8 calorie. The heat 
value of adenine is unknown. Since m comparison to guanine it offers 
1 more hydrogen atom for oxidation, its heat value must be somewhat 
higher. It appears reasonable to assume, then, a caloric value for the 
metabolism of 1 gm. of purine in the body of not more than 0.8 calorie. 
Hence, from 10 gm. of nucleic acid, which contains 20 per cent by weight 
of purine, might be derived about 1 5 calories The caloric contribution 
of the pyrimidines is even more problematical, since their fate is little 
understood No data are available on the heat value of the pyrimidines 
in the bomb calorimeter, but since they are structurally less complex than 
the puiines it may be assumed that their caloric value in the bomb is less 
than that of the latter — not more perhaps than 4 calories to the gram. There 
is some evidence that they are metabolized to urea (3) This would cut 
their caloric value to about 1.5 calories to the gram in the body Since 
they constitute 16 per cent of the nucleic acid molecule, about 3 calories 
from this source are probable. The total thus far is less than 21 calories 
hence the 25 calories allowed above are reasonable. 

Are the nucleic acids, then, merely accidents of the diet that 
give the body small benefit and only the labor of their destruction 
and their elimination? Do they perhaps, in their metabolism, 
stimulate the cells to greater heat production; that is, have they 
a specific dynamic effect? There is a constant and considerable 
endogenous metabolism of nucleic acid derivatives, increased 
by exercise and reduced by rest (4). Is this concerned with the 
production of heat? 

A calorimetric investigation of the conduct of the nucleic 
acids might yield information on this point. Accordingly, the 
effect of the ingestion of animal and plant nucleic acid on the 
basal metabolism of the dog was undertaken. Since the metabo- 
lism of these substances is not very great, it may be argued 
a 'priori that its influence on the heat production must therefore 
be very small. This does not follow. Lusk (5) has shown that 
10 gm. of the amino-acid glycocoll, containing only 21 nutri- 
tional calories, will raise the metabolism 17 calories above the 
basal. On the other hand, 75 gm. of fat, containing 694 calories, 
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will elevate metabolism only 29 calories above the basal. Hence, 
only a calorimetric experiment might determine the extent, if any, 
of the influence of the nucleic acids on heat production. 

EXPERIMENTAL. 

Two highly trained female dogs (Nos. 18 and 19) were used. 
These had been employed in this laboratory for calorimetric in- 
vestigation for several years. They were kept on a standard 
maintenance diet which was given at 5 o^clock in the afternoon. 
18 hours later, that is the next morning, they were put in the 
calorimeter after receiving the substance whose influence on 
the heat production was to be determined. 

It was necessary to give the nucleic acid in a soup of Liebig’s 
extract in order to make it palatable. Hence, the basal metabo- 
lism was established after giving the animals such a soup con- 
taining 0.2 gm. of Liebig’s extract. Lusk (6) has shown that the 
above mentioned amount of this substance does not affect the 
heat production appreciably. 

The yeast nucleic acid used was Merck’s commercial prepara- 
tion, analysis of which showed a composition of 17 per cent of 
nitrogen and 8.2 per cent of phosphorus. The biuret test showed 
that it was practically free of proteins. This was sufficiently 
pure for our purpose. 20 gm. of the substance were given by 
stomach tube after suspension in warm Liebig’s extract solution 
and dissolving with the aid of enough sodium hydroxide to neutra- 
lize the acid. 

The animal nucleic acid was prepared from the thymus gland 
according to the method of Jones (7). Analysis showed a com- 
position of 14.5 per cent of nitrogen and 8.1 per cent of phos- 
phorus. The biuret test showed a trace of protein. This prep- 
aration, too, was sufficiently pure for our purpose. Since it 
was already in the form of the sodium salt, it was dissolved in 
Liebig’s extract solution and given by stomach tube quite warm 
to prevent gelatinization. 20 gm. were given in each experiment. 
This is an amount of nucleic acid contained in about 3 pounds of 
thymus, so that if nucleic acid has any effect on metabolism it 
should appear in the results. 

The dogs were catheterized before administering the substance 
and after they came out of the calorimeter. A Kjeldahl analysis 
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of the iirine of this period showed the amount of nitrogenous 
metabolism — protein, purine, and pyrimidine. The protein 
metabolism was established during the basal determinations. 
This was assumed to remain unaltered during the periods when 
the dogs were under the influence of the nucleic acids. Hence, 
by subtracting the nitrogen of the basal period from the nitrogen 
of the periods when nucleic acid was given the nucleic acid nitro- 
gen was derived. From this figure a conception can be gathered 


TABLE I. 

Alcohol Checks in Relation to the Experiments. 


Date 

Experi- 

ment 

No. 

Time 

R Q 

Calories. 

Remarks 

Indi- 

rect 

Di- 

rect 

im 


hra 





Apr. 

4 

152 

3 

0 667 

63 44 

63 43 


it 

5 

94 





Basal, Dog 18. 

i< 

6 

95 





Yeast nucleic acid, Dog 18. 

tt 

10 

153 

3 

0 670 

61 25 

64 89 


tt 

11 

80 





Basal, Dog 19. 

u 

12 

81 





Yeast nucleic acid. Dog 19. 

u 

13 

82 





Thymus “ 19. 

u 

18 

83 





Yeast “ 19. 

it 

19 

154 

3 

0 663 

64 16 

65 54 


it 

22 

155 

2 

0 666 

42 92 

43 25 


it 

24 

85 





Basal, Dog 19 

it 

25 

86 





“ 19. 

it 

26 

87 





Thymus nucleic acid. Dog 19. 

it 

27 

156 

2 

0 661 

41 32 

41 77 


Average 


0 665+ 

54 62 

55 78 



of the amount of this substance metabolized during the experi- 
ment. 

The calorimetric procedure was that employed in the other 
experiments on animal calorimetry reported in this Journal 
since 1912 by Professor Graham Lusk and his pupils. 

It will be seen from the alcohol checks recorded in Table I 
that in a period of 3 weeks the respiratory quotients varied from 
0.670 to 0.661, showing an average of 0.665+ . Such an agree- 
ment gives complete reliability to the calculation of the indirect 
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TABLE n. 

The Influence of the Nucleic Acids on Heat Prodtiction.* 


Dog 

No. 

Experi- 

ment 

No. 

Time 

Calonee 

Remarks. 

Indirect 

Direct 



hrs 




18 

94 

1 

15 67 

15 97 

Basal. 



2 

16.53 

18 32 




3 

16.61 

17 67 


Total . . 

48 81 

51 96 


18 

' 95 

1 

isa 

16 64 

Received 20 gm. yeast nucleic acid. 



i 2 


17 63 

. 



3 

nm 

17 70 


Total. . . 

46 79 

51 97 


19 

80 

1 

17.81 

19 11 

Basal. 



2 

17 97 

19 72 




3 

19 23 

i 20 32 



86 

1 

17 16 

17 86 

Basal. 



2 

19 98 

18 12 




3 

20 64 

19 95 



86 

1 

18 51 

17 58 

Basal, 



2 

19 03 

18 69 



i 

3 

20 01 

19 85 


Total for 9 hrs j 

170 34 

171 20 


<( n 

6 1 

113 56 

114 14 


19 

81 

1 

18 19 

18 23 

Received 20 gm. yeast nucleic acid. 



2 

19 08 

19 43 




3 

19 10 

18 28 



83 

4 

18 81 

16 76 




5 

17 81 

16 83 




6 

19 36 

20 72 


Total for 6 hrs 

112 35 

no 25 


19 

82 

1 

18 13 

18 76 

Received 20 gm thymus nucleic acid. 



2 

19 35 

18 51 




3 

19 09 

20 17 



87 

4 

18 04 

17 89 




5 

19 18 

20 36 




6 

21 55 

19 85 


Total for 6 hrs 

115.34 

115 54 

• 


* On account of their bulk, the detailed tables of these experiments are 
omitted. 
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heat. Moreover, the difference between the average direct and 
indirect heat was less than 2 per cent. 

In Table II is given a summary of the animal experiments. 
Dog 18 failed to show any rise in heat production for 3 hours 
after the administration of 20 gm. of yeast nucleic acid (Experi- 
ments 94 and 95). This is confirmed in Dog 19, whose basal 
heat production for 6 hours was 113.56 calories (Experiments 
80, 85, and 86), and after the ingestion of 20 gm. of yeast nucleic 
acid it was 112.35 calories for a similar period (Experiments 81 
and 83). Dog 19 also failed to show more than a negligible 
elevation in heat production after the administration of thymus 


TABLE III 

Urinary Nitrogen after Giving Nucleic Acid in Liebig's Extract. 


Experi- 

ment 

No 

Time 

Control 

N 

After 

nucleic 

acid 

Nucleic 

acid 

N 

Remarks 


hrs 

gm 

gm 

gm 



1-2 

0 386 

0 430 

0 044 

Received 20 gm thymus nucleic acid. 


3-4 

0 298 

0 402 

0 104 



5-6 

0 256 

0 360 

0 104 



6 



0 252 


95 

3 

0 360 

0 510 

0 150 

Received 20 gm yeast nucleic acid. 

81 

3 

0 345 

0 645 

0 300 

(( 20 

83 

3 

0 354 

0 483 

0 129 

it 20 

82 

3 

0 345 

0 501 

0 156 

“ 20 “ thymus “ “ 

87 

3 

0 354 

0 414 

0 060 

« 20 


nucleic acid (Experiments 82 and 87). Thus, for 6 hours after 
the ingestion of 20 gm. of thymus nucleic acid the indirect heat 
was 115.34 calories. This is less than 2 calories above the basal, 
which for a period of that length is of no significance. Indeed, 
during the first 5 of the 6 hours the heat production was identical 
with the basal. 

Before interpreting these results it is necessary to consider 
the amount of nucleic acid actually metabolized during the 
experimental periods. A 2 hour fractionation of the urine after 
the ingestion of 20 gm. of thymus nucleic acid by Dog 19 is shown 
in Table III. During 6 hours 0.252 gm. of ^^extra” nitrogen, 
attributable to nucleic acid metabolism, was eliminated in the 
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urine. On the basis of 14.6 per cent of nitrogen in the nucleic 
acid molecule, it would appear that somewhat less than 2 gm. 
of nucleic acid were metabolized in that time. Only in Experi- 
ment 87 did the nucleic acid Metabolism fall below this level. 
In the other experiments it was considerably higher. This is 
several times the nucleic acid metabolism of a normal dog, for 
Benedict's Dalmatian dog (8) excreted 0.200 gm. of purine nitro- 
gen in 24 hours. These experiments may, therefore, be con- 
sidered an efficient test of whether the nucleic acids in their 
metabolism influence the heat production. In view of the fact 
that, following the administration of nucleic acids, their metabo- 
lism begins to fall off after the 8th hour (9), no delayed effect on 
the heat production need likely be anticipated. 

In calculating the indirect calories no heat value was given 
to the hourly nucleic acid nitrogen. It would be difficult to 
assign any, since the physiological heat value of a gram of nu- 
cleic acid, in the present state of knowledge with regard to their 
fate, is highly problematical. If we tentatively accept the value 
derived in the note earlier in this paper — about 2 calories to 
the gram of nucleic acid — the 2 gm. of this substance metabolized 
during 6 hours in these experiments would not alter the hourly 
indirect heat very significantly, hence the usual method of cal- 
culating the indirect heat, which was employed in these experi- 
ments, is probably adequate. Moreover, the good agreement 
between the average direct heat and the indirect lends support 
to this probability. 

SUMMARY. 

1. 20 gm. of yeast and thymus nucleic acids were given to 
dogs in order to promote an increased metabolism of these sub- 
stances and to study the effect on the basal metabolism. 

2. The heat production of these dogs remained practically at 
the basal level for 6 hours after the administration of the nucleic 
acids. 

3. The nucleic acids exert no specific dynamic effect. 

We wish to acknowledge our gratitude to Professor Graham 
Lusk for his advice and permission to use his trained Dogs 18 
and 19. Also, we wish to thank Mr. James Evenden for as- 
sistance during the calorimeter experiments. 
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THE INFLUENCE OF INSULIN ON PHLORHIZIN DIABETES. 

By MICHAEL RINGER. 

(From the Department of Physiology^ Cornell University Medical College^ 

New York City ) 

(Received for publication, October 5, 1923.) 

This study was undertaken with the point in view of winning 
fresh data on the mechanism of phlorhizin diabetes and in the 
hope that such data would give ground for a direct method of 
assaying insulin, in terms of glucose utilized. 

A completely phlorhizinized animal suffers from two essential 
incapacities. One, the inability to utilize sugar, from which 
defect follows the familiar train of pathological findings that 
constitutes the picture of true diabetes. This is well established. 
A. I. Ringer (1) demonstrated that as much as 75 gm. of ingested 
glucose can be quantitatively'' recovered in the urine of a completely 
phlorhizinized dog, and Lusk (2) found that the ingestion of this 
large quantity did not change the respiratory quotient from the 
diabetic level during a period of 4 hours. 

The other defect relates to the inability of the kidneys to 
resorb the sugar they filter from the blood, resulting in a per- 
sistent glucosuria and the hypoglucemia which distinguishes 
phlorhizin from pancreatic diabetes. This much lowered renal 
threshold for sugar has somewhrtat confused the essential diabetic 
character of the phlorhizin injury. Indeed, it is held in many 
quarters that the failure of the phlorhizinized body to metabolize 
glucose is due to the subnormal blood sugar induced by the 
kidney leak. One cannot drink water from a sieve. Recently 
Nash and Benedict (3) have put the quietus on this view by giving 
glucose in sufficient amounts to induce protracted hypeiglucemia 
in phlorhizinized dogs and recovering it quantitatively in the 
urine. That phlorhizin produces a real lesion of the sugar- 
burning mechanism can no longer be held as problematical. 

483 
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Whence does this incapacity on the part of the phlorhizinized 
organism to metabolize sugar arise? Nash and Benedict postu- 
late: 

That phlorhizin forms a relatively stable union with the ** carbohydrate 
receptors^’ of the cells, with the result that sugar molecules can no longer 
enter into the hypothetical combination prerequisite to their combustion. 
We conceive that such a combination between phlorhizin and the carbo- 
hydrate receptors of kidney cells may account for their failure to retain 
sugar or to reabsorb it from urine The phlorhizin-cell union is presum- 
ably considerably more stable than the corresponding dextrose combina- 
tion According to this view, the sugar starvation in phlorhizin diabetes 
is analogous to the oxygen starvation in carbon monoxide poisoning. 

It seems unlikely that a gram of phlorhizin, administered 
daily for 3 days, would effectually blockade the vast frontier of 
sugar-metabolizing cells of a large dog. It seems more reasonable 
to assume that some limited vital junction in the sugar-utilizing 
mechanism is attacked. Such a point is obviously the pancreas. 
Does phlorhizin affect the pancreas by temporarily abolishing 
its internal secretion? If it does, then the phlorhizin diabetic 
syndrome is accountable. 

Insulin, the active antidiabetic hormone successfully ex- 
tracted from the pancreas by Banting and his coworkers (4), 
is a drug with which we can put this hypothesis to a critical test. 
If the administration of insulin to a completely phlorhizinized 
dog causes that animal to utilize sugar, by the standard criteria, 
as it does in a depancreatized dog or in the human diabetic, then 
the idea of an essential failure of the body cells (in the sense of 
Nash and Benedict) to metabolize glucose can no longer be main- 
tained. It would be strongly indicative of a phlorhizin injury 
to the pancreas, preventing the production of the antidiabetic 
hormone. 

The following experiments direct one to this belief. 

General Procedure. 

Female dogs between 9 and 13 kilos in weight were used. 
These were fasted throughout the experimental period. On 
the 3rd day the subcutaneous injection of 1 gm. of recrystallized 
phlorhizin, suspended in olive oil, was begun and repeated every 
24 hours until the end of the experiment. On the 3rd day of 
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phlorhizination the urine was collected in 12 hour samples and 
analyzed as the preliminary period. The night sample usually 
showed that the animal was completely diabetic. On the 4th 
day the influence of insulin was studied, and the 5th day con- 
stituted the after period. 

The insulin used was the Eli Lilly and Company preparation 
of 5, 10, or 20 units per cc. of strength, as indicated in the protocols. 
It was carefully measured and injected subcutaneously. The 
sugar given was Merckxs pure dextrose. The dogs in their hunger 
usually lapped up the sweet solution quantitatively. Urinary 
nitrogen was determined by the Kjeldahl method; sugar by the 
Benedict method; blood sugar by the* modified Benedict-Lewis 
method; and the ketone bodies were tested by the sodium nitro- 
prusside and ferric chloride tests. Hie calorimeter experiments 
were done in the calorimeter employed by Lusk (5) in the ex- 
periments on Animal Calorimetry reported in this Journal dur- 
ing the last 12 years. 


EXPERIMENTAL. 

Early in the experiments a phlorhizinized dog was given 1 cc. 
of insulin containing 10 units, and 3 hours later the animal went 
into coma and convulsions. This was interpreted as the hypo- 
glucemic syndrome attending the use of insulin, as described 
by Banting and his co workers (6). This supposition was con- 
firmed by the fact that the administration of glucose by mouth 
and vein brought the animal back to its former state in a few 
hours. In view of the low blood sugar of the dogs before the 
insulin injections, it was realized that these clamant S3miptoms 
of hypoglucemia would invariably terminate the experiment 
before any data of value could be gathered. Hence, thereafter 
a sufficient quantity of glucose was given with the insulin to 
overcome the excessive hypoglucemia. 

Effect of Insulin on Blood Sugar , — Inspection of Table I will 
reveal that insulin in these phlorhizinized dogs prevents the 
development of the hyperglucemia which ordinarily follows the 
ingestion of glucose (3). Moreover, it actually reduces the 
blood sugar below the low level from which the experiments 
began and the effect lasts from 6 to 12 hours. 
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Effect of Insulin on the Fate of Glucose , — Tables II and IV 
record the data on this phase. Dog 11 received 40 gm. of glucose 
during complete phlorhizination and elinainated in the urine, 
during the next 12 hours, 36 gm. of glucose above the basal out- 
put. 90 per cent of the total amount ingested was thus recovered 
in the urine. The 10 per cent loss may be regarded as a liberal 
experimental error and will be taken into account in all subse- 


TABLE I. 

Influence of Insulin on the Blood Sugar of Phlorhizinized Dogs. 


Dog 

No 

Time 

Blood 
sugar per 
100 cc 

Remarks 



mg. 


1 

10 a m. 

65 

10 gm glucose and 5 units insulin at 10 a.m. 


1pm. 

57 


7 

9 am. 

62 

10 gm. glucose and 10 units insulin at 9 am. 


11 

58 



1pm. 

40 



3 

48 1 



5 

62 



7 

62 


8 

9 am. 

72 

10 gm. glucose and 10 units insulin at 9 am. 


11 

60 



1 p.m. 

46 



3 “ 

40 



5 “ 

48 


10 

10 a.m. 

77 

15 gm glucose and 20 units insulin at 10 a m. 


1pm 

100 



5 “ 

47 1 



10 “ 

53 



quent calculations. This experiment will serve as the control 
and will show the method of calculation. 

The average D:N ratio of the fore and after periods was 3.5. 
During the experimental 12 hour period 4.5 gm. of nitrogen were 
eliminated. On the basis of the average D:N ratio, 15.8 gm. 
of glucose (3.5 X 4.5) derived from the metabolism of »protein 
should hdve been excreted in the urine. But 51.2 gm. were 
actually recovered, hence an excess of 36.4 gm. resulted from 
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the ingestion of 40 gm. of glucose. This is what is known as 
^^extra glucose^^ elimination. 

The next day Dog 11 received 40 gm. of glucose again, but 
was simultaneously given 1 cc. of insulin containing 20 units. 
Table IV shows that only 23.8 gm. of extra glucose were re- 
covered in the next 12 hours. Under the influence of 20 units of 
insulin 12,2 gm, of glucose disappeared. What happened to it? 
Was sugar oxidized? 

The dog was in the calorimeter during the first 5 of the 12 
hours. Table VII gives the data. The respiratory quotient 
rose maximally to 0.75 from a basal of 0.71. This means that 
the body was oxidizing a little over 0*5 gm. of sugar per hour, 
which can account for 6 of the 12 gm. of glucose that were as- 
similated. The other 6 gm. might be conceived as having been 
deposited as glycogen. Cori, Cori, and Pucher (7) have re- 
cently shown by direct analysis that normal animals under the 
influence of insulin deposit glycogen in the liver, simultaneously 
with the reduction in the amount of glucose in the blood and tis- 
sues. The glycogen starvation of the diabetic organism would 
favor such an early deposition. 

But on the whole the assimilation of 12 gm. of glucose is a 
small effect after the injection of 20 units of insulin. This particu- 
lar lot of insulin had been kept in the ice box for almost a month. 
It is possible that it had deteriorated on standing and lost its 
strength. Accordingly, a fresh lot was employed the following 
day when the same dog received 20 gm. of glucose with 20 units 
of insulin, and 2 hours later 40 gm. of glucose and 10 additional 
units of insulin. Then it was put in the calorimeter and the 
metabolism of the next 4 hours studied; that is, the metabolism 
of the 4th, 5th, 6th, and 7th hours after insulin at a time when 
a large amount of glucose was in circulation and the insulin 
had developed its maximal effectiveness. 

The results are seen in the data of Tables VI and VII. The 
respiratory quotient rose to a maximum of 0.84. This shows 
unmistakably a good combustion of glucose. During each 
hour of this period the non-protein calories were about 18. A 
respiratory quotient of 0.84 means that 9 of these calories came 
from the combustion of glucose. This maximally phlorhizini^ed 
dog oxidized over 2 gm, of glucose per hour. 



TABLE II 

Influence of Instdin on the Elimination of Glucose by Phlorhizinized Dogs. 
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Fore. 11 4 4 04 2 80 Strongly positive. 

First 12 hrs 15 2 2 15 0 15 units insulin and 80 gm. glucose 2 hrs. later, 

Second 12 11 2 1 5 7 0 Trace. 
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Somewhat less direct evidence of the utilization of glucose 
during the three corresponding periods in Dog 11, under dis- 
cussion, is gathered from Table III. 

It will be seen that in the last period, when the best condi- 
tions were observed, the extra glucose eliminated was cut in 
half, as compared with the control. This confirms the calori- 
metric evidence of glucose utilization, or vice versa it may hence- 
forth be judged that a fall of the extra glucose from the maximal 
possibilities in these experiments means a real utilization of 
sugar. 

In the other experiments recorded in Tables II and IV glucose 
was given in varying amounts and insulin in varying doses. In 
each case a large percentage (from 30 to 65 per cent) of the glu- 
cose ingested was assimilated during the first 12 hours. During 
the second 12 hours the D:N ratio, instead of returning to the 


TABLE III 


Day. 

Time 

Treatment 

Extra glucoee 


hra 


gm 

3 

5 

40 gm. glucose; no insulin. 

28 2 

4 

5 

40 “ “ 20 units insulin. 

22 0 

5 

5 

60 “ “ 30 

13 5 


level of the fore periods, as it did in the control dog (No. 11, 
Table II), remained elevated, indicating a further extra glucose 
elimination. What is the significance of this additional elimina- 
tion of glucose in the second 12 hours? 

Let us take a specific example — Dog 12. A glance at Table II 
shows that the sugar of the fore period is 11.4 gm. and the nitro- 
gen 4.04 gm., giving a fore period D:N ratio of 2.8. In the 
second 12 hours after the combined administration of glucose 
and insulin the sugar returns to 11.2 gm., but the nitrogen, due 
to the depression of the protein metabolism has fallen to 1.5 gm., 
giving a D:N ratio of 7. The sugar resulting from the protein 
metabolism is, therefore, only 4 gm. (2.8 X 1.5) and the extra 
glucose 7 gm. Where does this considerable extra glucose come 
from? There was no sugar administered during that period. 
The fall in blood sugar cannot account for it, because the maxi- 
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mal fall in these dogs is from 65 mg. per 100 oc. to 45 mg. (the 
convulsive level), and this would yield less than 2 gm. of sugar 
in a 10 kilo dog if all of it were excreted. Very likely the extra 
glucose in question represents the quantity held over from the 
preceding period. It seems reasonable to suppose that, if these 
extra 7 gm. of glucose were circulating in a free state, in excess, 
during the experimental first 12 hours, they would probably 
have been excreted by the permeable kidneys. Since they were 
not eliminated imtil the next 12 hours, it suggests that they 
were held in combination, probably as glycogen, under the in- 
fluence of insulin. When that restraining influence wore off 


TABLE IV. 

Influence of Insulin on the Oxidtxtion of Glucose, 


Dog No 

Glucose 
ingested * 

Extra 

glucose 

first 

12 hrs ! 

Glucose 

assimilated 

Extra 

glucose 

second 

12 hrs 

Glucose 

oxidized 

Units 

insulin 

injected 

Glucose 
oxidized 
per unit. 


gm 

gm 

gm 

gm 

gm 


gm 

11 

36 0 

23 8 

12 2 

4 7 

7 5 

20 

0 38t 

4 

33 3 

21 9 

11 4 

1 9 

9 5 

10 

0 95 

3 

18 0 

7 8 

10 2 

3 4 

6 8 

10 

0 68 

12 

27 0 

9 2 

18 8 

7 0 

11 8 

15 

0 80 

1 

9 0 

5 3 

3 7 

0 

3 7 

5 

0.74 

5 

j 34,9 

28 5 

6 4 

0 

6 4 

10 

0 64 


* From the amount of glucose actually ingested 10 per cent was deducted 
to allow for the experimental error in the recovery of glucose in the urine. 

t The low value in Dog 11 may be questioned because of the probable 
deterioration of the lot of insulin used, as is mentioned earlier in the paper. 

in the second 12 hours the leaking kidneys took their toll and 
the deposited glycogen was eliminated. It is well known that 
phlorhizin is an excellent deglycogenating agent. 

If we accept this view, that the extra glucose of the second 
12 hour period represents that part of the glucose, assimilated 
in the first 12 hours, which was stored as glycogen, the difference 
between the two will indicate the amount of glucose that was 
actually utilized or oxidized. From these data it may be dis- 
covered how much glucose a unit of insulin will cause to be oxi- 
dized. Table IV is constructed to bring out this phase of the 
experiments. 
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Effect of Insulin on Protein Metabolism . — The protein metabo- 
lism of a phlorhizinized dog is high. Table V, which records 
the amount of protein metabolized in the experiments, shows 
that during the 12 hour fore periods the dogs broke down from 
25 to 35 gm. of protein; that is, from two to four times the normal. 

A. I. Ringer (1) has called attention to the fact that glucose 
given to a phlorhizinized animal, although it is not burned, 
lowers the high protein metabolism. In the present series of 
experiments glucose was simultaneously given with insulin. 
It is, therefore, necessary to bear in mind that the sugar itself 
has a sparing action on protein metabolism, and to allow for 
this effect in interpreting the influence of insulin. 

It is obvious that, if insulin causes the oxidation of glucose 
(which has already been demonstrated), it restores a source of 
calories to the body and hence the emergency call on the proteins 
may be withdrawn, so that a sparing action on protein metabo- 
lism may reasonably be anticipated. 

A glance at Table II reveals at once that after the adminis- 
tration of insulin the urinary nitrogen of the succeeding 12 hour 
periods falls. This indicates a sparing action on protein metabo- 
lism. But what part of this is due to the sugar administered 
and what part to the insulin alone? 

Dog 2 (Table V), which was completely phlorhizinized and 
received no glucose, showed a reduction of protein metabolism 
of 30 per cent in the first 12 hours and 23 per cent in the second 
12 hours, under the influence of 20 units of insulin. Dog 5 
(Table V) was given 200 gm. of meat and metabolized 65 gm. of 
protein in 24 hours. The experiment was repeated the next day 
under the influence of 10 units of insulin, and the metabolism of 
protein fell 15 per cent, to 55 gm. The sparing effect on protein 
metabolism in these dogs is due to the insulin alone. 

Dog 11 (Table V) received 40 gm. of glucose, which reduced 
the protein metabolism by 23 per cent in the first 12 hours and 
12 per cent in the second. When the experiment was repeated 
under the influence of 20 units of insulin it fell 33 per cent in the 
first 12 hours and 33 per cent in the second 12 hours. Thus, 
insulin caused a greater and a more prolonged fall of protein 
metabolism than glucose alone. 
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This is better seen in Dog 12 (Table V). The protein metabo- 
lism during the first 12 hours fell 50 per cent and in the second 
12 hours it fell 73 per cent. Indeed, in the latter period the 
protein metabolism was that of a normal dog. That is to say, 
insulin completely corrected the diabetes, as far as the protein 
metabolism was concerned. 

To return to Dog 11, when the animal was in the calorimeter 
(Table VI), if we compare the 5 hour period when only glucose 

TABLE V 


Influence of Ineulin on the Protein Metabolism of Phlorhizinized Dogs, 


Dog 

No 

Protein metabolism (gm 

NX6 25) 

Remarks 

Fore period, 
12hr8 

First 1 
12 hrs 

Second 

12 hrs 


gm 

gm. 

gm 


2 

23 13 

16 20 

17 9 

20 units insulin. 

5 


*40 10 

25 7 

200 gm meat. 



38 10 

17 5 

200 ** “ and 10 units insulin. 

11 

36 90 

28 30 

31 9 

40 gm glucose. 


31 9 

21 40 

21 5 

40 ** “ and 20 units insulin. 

12 

25 2 

13 4 

9 4 

15 units insulin and 30 gm. glucose 





2 hrs later. 


Fore period, 

First 




5 hrs 

5 hrs 



11 

18 0 

11 8 


40 gm. glucose. 


1 18 0 

10 3 


40 “ “ and 20 units insulin. 


18 0 

5 8 


20 units insulin and 40 gm glucose 





2 hrs later. 


was given with the 5 hour exf)erimental periods when glucose 
and insulin were given, it will be seen (Table V) that in the last 
period, when the dog oxidized 2 gm. of glucose per hour, the 
protein metabolism was cut in half. It fell from 11.8 gm. of 
protein in 5 hours to 5.8 gm., or from 5 protein calories per hour 
to 2.5. This is a substantial and convincing reduction. 

In Dogs 1, 3, and 4 there is also a reduction in the protein 
metabolism, but it is difficult to separate the effects of the glu- 
cose per se and the insulin. 
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Effect of Insulin on the D:N Ratio , — It may be supposed that, 
since insulm causes sugar to be oxidized, the D:N ratio would 
fall in the direction of zero. Insulin does this in depancreatized 
animals and in human diabetics. The tables, however, record 
the failure to depress the D:N ratio of phlorhizinized animals 
much below the ratio of the fore periods. 

Dog 2 (Table II), which without glucose successfully survived 
20 units of insulin (in divided doses) without developing convul- 
sions, failed to show a lower D:N ratio. Thus, on the contrary, 
from an average fore period ratio of 3.9, it rose to 4.63 and 5.9. 

Dog 5 (Table II) was given 200 gm. of meat as a control. 
The D:N ratio fell from an average of 3.46 (3.63 + 3.29 -f- 2) 
to 3.24. Such an amount of meat supplied enough glucose to 
prevent too great a hypoglucemia, when insulin was later intro- 
duced, and yet left the basal D:N ratio practically unchanged. 
It was a better test case than that of Dog 2, just mentioned. 
When 10 units were given with the 200 gm. of meat the D:N 
ratio fell to 2.87. Although this was not a very striking 
reduction, it indicates that the tendency was in the direction 
of zero. 

In the other animals the simultaneous administration of glu- 
cose with insulin would, of course, veil a fall in the D:N ratio. 
Some indication of the depressing effect of insulin on the D:N 
ratio might, however, have been gathered from a comparison of 
D:N ratios of a period when glucose alone was given and when 
the experiment was repeated under the influence of insulin. 
Such a comparison may be made in Dog 11 (Table VI). On 
the 5th day 40 gm. of glucose were given and the D:N ratio 
was 18.3. On the 7th day during a similar period when glucose 
was surely oxidized, for the respiratory quotient was 0.82, the 
D:N ratios remained at 17.6. The failure of the D:N ratio to 
show a substantial fall is very likely only an arithmetical effect 
and not physiological, for it will be noted that the sugar output 
of the latter period was less than half of the former. It is only 
the concomitant fall in urinary nitrogen which kept the ratio 
elevated. 

It would appear, then, that, contrary to expectation, the D:N 
ratio of phlorhizin diabetes is only insignificantly reduced below 
the level of the fore period by the administration of insulin. 
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This is not to be interpreted, however, as a failure on the part 
of that drug to correct the diabetes; t.e., the inability to oxidize 
sugar. It is rather to be regarded as a failure on the part of 
insulin to overcome the low renal threshold of the phlorhizinized 
state, which permits an amount of blood sugar to leak out con- 
stantly and necessitates a constant catabolism of protein to 
supply that loss. Since the sugar and the nitrogen coming from 
this protein both ultimately appear in the urine, the relation 
between them must inevitably be 3.6 to 1. This would be so 
even if ingested sugar were oxidized. That is probably why 
the D:N ratio fails to fall in these experiments. 

Effect of Insulin on Ketonuria . — It will be noticed in Table II 
that in the 12 hour period when the iosulin was administered, 
acetone disappeared from the urine. The test for this ketone 
was negative. During the 12 hours following, a faint trace 
reappeared as indicated by the color. During the fore period 
the test was always strongly positive. This would appear to 
confirm the other evidence for the combustion of glucose. Pre- 
sumably the antiketogenetic effect of the insulin is due to the 
complete oxidation of the fatty acids made possible by the com- 
bustion of glucose. 

Effect on Heat Production , — Dog 11, which was the animal 
studied in the calorimeter, has a basal metabolism of about 
16 calories per hour and shows an hourly protein metabolism 
of between 0.6 and 0.7 gm. Under phlorhizin, as may be seen 
in Tables VI and VII, the basal metabolism was 23 calories per 
hour, and the protein metabolism was elevated to 2.9 gm. per 
hour. The higher basal metabolism is usually attributed to 
the specific dynamic effect of the quadrupled protein metabolism. 

When 40 gm. of glucose were given the heat production re- 
mained unchanged, although the protein metabolism fell some- 
what, to 2.4 gm. per hour. In the last experiment, when glucose 
was given at the height of insulin activity and 2 gm. of glucose 
were oxidized per hour, as has already been observed, the protein 
metabolism fell to one-half of the fore period basal; that is, to 
about 1.2 gm. of protein per hour. This fall should, therefore, 
have produced a perceptible reduction in heat production. The 
experiment bears this out, because the hourly calories fell from 
23.3 to 21.2, a decrease of 2 per hour. 
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The alcohol check (Table VII) at the beginning of the experi- 
mentfiii period, showed a respiratory quotient of 0.666 (theoretical 
0.667). We may, therefore, put fidl reliance on the indirect heat, 
which was indeed strikingly constant, above 23 calories through- 
out the preliminary experiments. Nos. 150 and 151. In Experi- 
ment 152 the fall of 2 calories was maintained during 4 successive 
hours, so that no doubt about the reliability of the data can be 
raised. 


Use of a Phlorhizinized Dog in Assaying Insulin. 

The method of assaying insulin at present in common use, as 
devised by Banting and his co workers (8), confines itself to 
ascertaining the number of units contained in each cubic centi- 
meter of insulin. The imit is an arbitrary quantity. It is 
defined by its power to reduce the blood sugar of rabbits of 
standard weight to the toxic level. It would be much better 
to equate the unit in terms of actual grams of sugar oxidized. 
This would put the use of insulin on a definite mathematical 
basis. 

The ideal animal for such a standardization would naturally 
be a dcpancrcatized dog. But obviously the use of such an animal 
is impractical because of the involved surgical procedure It ap- 
pears from the data presented above that a phlorhizinized dog 
might be used effectively as a substitute for a depancreatized 
animal for the purpose of assaying insulin directly in terms of 
glucose utilized. The proposal rests on the facts that dogs can 
be rendered completely diabetic with very little effort by means 
of phlorhizin injections, and that insulin causes these animals to 
oxidize glucose. Whether the extent to which insulin causes the 
oxidation of glucose in these dogs is comparable to its influence in 
man is still to be worked out on a large scale. Woodyatt (9) 
reports that, by studies on carefully selected patients, he obtained 
a maximal utilization of 1 to 1.5 gm. of glucose per unit of insulin. 
It will be seen from Table IV that in the present experiments 
the values fall between 0.65 and 0.95 gm. to the unit. 

In this paper glucose utilized is held strictly to mean glucose 
oxidized. It is not clear from his paper whether Woodyatt 
restricts the meaning of utilization to this sense or whether glu- 
cose deposited as glycogen is also regarded as glucose utilized. 
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TABLE m-Dog 11 (Imk’s 


Date. 

Experiment No 

Time. 

8 

6 

Of 

Pi 

U 

1? 

s 

a 

Non-protein. 

Cabiiea. 

8 

6 

a 

d 

£ 

1 

d 

Z 

’j 

i 

1 

im 




gm 

gm 


gm 

gm 

gm 

gm 





1 

May 27 

175 

12 n.- 1pm. 

5 49 

5 96 

0 670 

4 48 







21.17 

20.20 



1 p.m.-2 

« 

6 21 

6 83 

0 661 

4 72 







23.67 

23.16 







0 666 








22.37 

21.68 

May 23 

149 

12 n.- 1pm 

6 78 

6 92 

0 713 

10 16 

0 46 

4 94 

4 82 

0.745 

6 0 

15 97 

21 97 

21.67 



1 p m “2 

(( 

7 21 

7 27 

0 710 

9 60 

0 46 

5 37 

5 17 

0 756 

6.0 

17.18 

23.18 

20.62 



2 “ -3 


7 58 

7 75 

0 711 

9 30 

0 46 

5 74 

6 66 

0.739 

6 0 

18 69 

24 69 

21.39 







0 711 








23 28 

21.23 

May 24 

150 

12 n.~ 1pm 

7 15 

7 25 

0 717 

9 97 

0 38 

5 63 

5 52 

0 742 

4 96 

18 27 

23 23 

22.99, 



1 p.m.-2 

(( 

7 22 

7 32 

0 717 

9 52 

0 38 

5.70 

5 59 

0 741 

4 96 

18 50 

23 46 

23.31 



2 '' -3 


7 50 

7 81 

0 698 

11 73 

0.38 

5 98 

6 08 

0 699 

4.96 

19 44 

24 90* 

26.67* 







0 711 








23 34 

23 15 

May 25 

151 

12 r.- 1 p.m. 

7 04 

6 95 

0 737 

9 55 

0 31 

5 80 

5 54 

0 761 

4 04 

18 43 

22 47 

20.94 



1 p.m.-2 


7 20 

7 33 

0 714 

9 01 

0 31 

5 96 

5 92 

0 732 

4 04 

19 54 

23 58 

22 93 



2 “ -3 

u 

7 44 

7 21 

0 751 

8 95 

0 31 

6 20 

5 80 

0 777 

4 04 

19 38 

23.42 

22.28 



3 -4 

« 

7 45 

7 29 

0 743 

8 52 

0 31 

6 21 

5 88 

0 768 

4 04 

19 60 

23.64 

22.78 







0 736 








23 28 

22.23 

May 26 

152 

12 n.- 1 p.m. 

7 26 

6 46 

0 817 

9 82 

0 188 

6 51 

5 61 

0 844 

2 49 

19.05 

21.54 

22.84 



1 p.m.-2 

it 

7 21 

6 47 

0 811 

9.01 

0.188 

6 46 

5.62 

0 836 

2 49 

19 09 

21 58 

21.01- 



2 ‘‘ -3 

ft 

7 07 

6 23 

0 823 

8 22 

0.188 

[6 32 

5 38 

0 854 

2.49 

18 29 

20.78 

20.30 



3 -4 

ft 

7 16 

6.22 

0 837 

8 05 

0.188 

6 41 

5 87 

0 868 

2.49 

18.36 

20 86 

21.63 







0 823 








21.19 

21.42 


Third hour omitted in average. 
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Calmmter Dog 19). 


Body t( 

1 

1 

i 

:ure. 

1 

Behavior of dog. 

Food. 

r 



kg 






1 

! 

Alcohol check. 

• 

38.15 

38 27 

0 12 

10 

Very quiet. 

/ 

Fasting; 4th day of phlorhizin. 

38.27 

38 21 

0.06 


ti u 


38.21 

38 17 

0 04 

1 

« u 


^.17 

38.20 

0 03 

9.6 

Very quiet. 

40 gm. glucose 1 hr. before; 5th day of phlorhizin. 

38.20 

38 30 

0 10 




38.30 j 

38 43 

0.13 


Urinated inbox 


38.31 

38.23 

0 08 

9 4 

Very quiet. 

40 gm. glucose and 20 units insulin 1 hr. before. 

38.23 

38.34 

0.11 


U i( 


38.34 

38.43 

0 09 


(( u 


38.43 

38.54 

0 11 


u « 


38.57 

38.70 

0.13 

9 3 

Very quiet. 

20 gm. glucose and 20 units insulin 3 hrs. before. 

■58.70 

38.68 

0.02 


(( u 

40 gm. glucose and 12 units insulin 1 hr. before. 

38.68 

38.66 

0.02 


u u 


38.66 

38.71 

0 05 


it it 
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In the broader definition the values derived from these experi- 
ments, as is seen from the third column in Table IV, are com- 
parable to Woodyatt’s figures. 

SUMMAKY. 

1. Insulin injected in completely phlorhizinized dogs results 
in an oxidation of glucose. 

2. A maximal oxidation of 0.95 gm. of glucose per unit of 
insulin was obtained. 

3. That the glucose was really oxidized is shown by the respira- 
tory quotient, which rose maximally to 0.84, indicating a com- 
bustion of 2 gm. of glucose per hour. 

4. Evidence is adduced to show that glucose was also stored 
as glycogen. 

5. Insulin reduced the protein metabolism from its high dia- 
betic level. 

6. Insulin caused the disappearance of ketone bodies. 

7. Insulin reduced the heat production from the high diabetic 
level by 2 calories per hour. 

8. The bearing of these data on the mechanism of phlorhizin 
diabetes is discussed. The argument is brought forth that the 
striking effect of insulin, in correcting the diabetes of a phlorhi- 
zinizcd dog, indicates that phlorhizin transitorily injures the 
pancreas by preventing the production of the antidiabetic hor- 
mone. 

9. The use of phlorhizinized dogs is proposed in assaying insu- 
lin directly in terms ol glucose utilized. 

I must here acknowledge with thanks my debt to Professor 
Graham Lusk for his courtesy in lending me his highly trained 
calorimeter Dog 19, for permission to use his calorimeter, and 
for valuable criticism in the interpretation of the data. I also 
wish to thank Mr. James Evenden for assistance during the 
calorimeter experiments. 
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THE EFFECT OF INJECTIONS OF SODIUM PHOSPHATES 
AND SODIUM HIPPURATE UPON THE EXCRETION 
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Cushny (1) has shown that injection^ of disodium phosphate in 
dogs cause an increase in the titratable acidity of the urine, but 
the exact relation of the amount of salt injected to the acid 
excreted was not determined. This shows that the kidney 
can retain at least a portion of the base from the disodium 
phosphate. The ultimate change may be represented by the 
following equation. 

NaaHPOi + H 2 CO 3 = NaHjPOi + NaHCO, 

He believes that one sodium ion of the disodium phosphate is 
taken up by the epithelial cells as the urine passes through the 
tubules. His work does not really show what quantity of sodium 
is retained by this mechanism. The experiments to which we 
have just referred, did not yield such information. 

Both Cushny (1) and Riidel (2) show that such substances as 
glucose, sodium chloride, and sodium sulfate, really decrease the 
amount of titratable acidity in the urine. The urine, after the 
injection of any of the substances mentioned above, may have the 
same pH as that of the blood plasma. This, according to Cushny, 
is due to the diuresis brought about by the substances injected. 
The diuresis causes such a rapid flow through the tubules that 
there is little exchange of ions between the liquid in the tubules 
and the cells lining them. 

It is a well known fact that the ingestion of sodium salts of 
those organic acids which are oxidized, decrease the titratable 
acidity in the urine, having an effect very similar to sodium bicar- 
bonate in this respect. 
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Henderson and Palmer (3) have shown that the hydrogen ion 
concentration of the urine is within the phosphate range under 
normal, as well as pathological, conditions. The amount of titrat- 
able acidity, according to them, increases with the increase in 
hydrogen ion concentration when the urine is titrated to pH 7.4. 
This, of course, follows inasmuch as' practically all the acid of the 
urine is in the form of dihydrogen phosphate and the pH is a func- 
tion of ^he ratio between mono- and dihydrogen phosphates. On 
the other hand, they find no very pronounced relation between 
the pH and the amount of ammonia excreted. Their results 
show some decline in ammonia with the increase in pH. It has 
long been known, however, that the amount of ammonia in the 
urine does increase when excessive amounts of acid are excreted 
as in severe cases of diabetes mellitus in man. 

Marriott and Howland (4) found that the administration of 
monosodium phosphate by mouth to normal men, did not increase 
the amount of ammonia excreted by the kidney, while an equiva- 
lent amount of hydrochloric acid produced a considerable increase. 
Unless this increase in ammonia after the ingestion of hydrochloric 
acid is entirely of alimentary origin, such results are not explain- 
able on any theoretical grounds known to the present writers. 
There seems to be no doubt that acids absorbed from the intestine 
are largely neutralized before or during the process of absorption, 
else the cells of the mucosa would be subjected to a hydrogen ion 
concentration which would certainly be fatal to their continued 
existence. It does not seem that even monosodium phosphate, 
w^hich has a pH of about 4.5, could be absorbed without being 
previously buffered or neutralized in part. The effective change 
in the pH of the blood ought to be the same regardless of the 
nature of the acid ingested, providing the acids are not oxidized in 
the body. 

On the other hand, it seems quite probable that a part of the 
hydrochloric acid would be neutralized by the ammonia resulting 
from the digestion and putrefaction of the protein in the aliment- 
ary tract. A portion, at least, of the ammonium chloride thus 
formed would be excreted by the kidney without being changed. 
Any sodium ammonium phosphate formed in the intestines after 
the ingestion of monosodium phosphate would undoubtedly be 
completely hydrolyzed in the blood stream and the ammonia 
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liberated would be transformed into urea by the liver or other 
tissues. The observation of Schittenhelm (5) that an increased 
formation of hydrochloric acid by the stomach is followed by a 
rise in the excretion of ammonia by the kidneys, supports the idea 
that a portion of urinary ammonia may be of alimentary origin. 

Nash and Benedict (6) have reported experiments to support 
the idea that the ammonia of the drine is formed in the kidney. 
They found that the blood flowing away from the kidney contains 
more ammonia than that flowing into it. They are of the opinion 
that the amount of ammonia in the general circulation is entirely 
too small to supply all that is found in the urine, even though 
the kidney removed completely the ammonia from the blOod. 
The increase in ammonia in the blood of the renal vein over that 
of the renal artery at least shows that the ammonium salts are 
not completely taken out of the blood by the kidney. These 
workers are not wUling to admit that ammonia serves to neutral- 
ize acid in the blood and tissues, as was generally believed until 
recently. They ignore the alimentary tract as a source of this 
compound; perhaps they assume it to be completely transformed 
into urea by the liver and other tissues. 

In the experiments reported in this paper, we have attempted to 
obtain data upon, first the quantity of sodium which the body 
can retain after the injection of the sodium salts of weak acids, 
and second the source of urinary ammonia. 

EXPERIMENTAL. 

The female dogs used in these experiments were allowed to 
fast until the ammonia and acid excretion became constant before 
injections were made. All injections were made subcutaneously, 
and usually two or more doses were given to each animal. The 
dogs were kept in large metabolism cages and catheterized twice 
a day. Special care was taken to prevent fermentation or putre- 
faction of the urine. The urine which happened to be voided in 
the cages was collected under toluene. It was found that if the 
cages were kept scrupulously clean, the urine voided while the 
animals were in the cages was not acted upon by microorganisms 
when preserved in this way. All results are reported in quantities 
excreted in 24 hours, but the ammonia and acid were determined 
twice a day on approximately 12 hour specimens of urine. 
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The ammonia was determined by the method of Folin (7), 
the acid was titrated with 0.1 n sodium hydroxide to a definite 
pink color of the phenolphthalein which was used as an indicator. 
The phosphates were titrated with standard uranium acetate 
solution, and the hippuric acid was determined by the method of 
Folin and Flanders (8). The C02-combining power of the whole 
blood was determined by the Van Slyke method. 

Experiments with Phosphates, 

The protocols of experiments on Dogs 3, 7, and 8 show results 
which agree with those of Cushny, indicating that disodium phos- 
phate increases the amount of acid in the urine of dogs. In all 
these experiments, the increase in titratable acid plus ammonia 
is very nearly equivalent to the phosphate injected, showing that 
Cushny’s reaction goes to completion; that is, if ammonia is to be 
considered as representing an equivalent amount of urinary acid. 

In all three cases, the agreement was remarkably close. The 
percentage of ammonia to the total acid plus ammonia varies 
considerably from 29.55 to 77.21, but in all cases, the amount of 
ammonia was distinctly increased during the period of increased 
acid excretion. That sodium ions were being retained within the 
animal body is further shown by the increase in the alkali reserve 
during the period of increased acid excretion. 

In two experiments (see Protocols IV and V) with monosodium 
phosphate on Dog 6, the results, as far as the urine is concerned, 
were very similar to those in which disodium phosphate was used. 
The proportion of ammonia to the total acid (titratable acid plus 
ammonia) was somewhat less, being 18.95 and 31.67 per cent, 
respectively. The average of these figures is 25.23 per cent, while 
in the experiments with disodium phosphate, the average per- 
centage of ammonia to the total acid was 60.20. No importance 
can be assigned to this difference because the data are entirely too 
few for statistical comparisons. 

It is to be noted that no metallic ions were lost to the body by 
the injection of monosodium phosphate, although it doubtless 
circulated in the blood for a time at least, largely in the form of 
disodium phosphate. The monosodium phosphate did not have 
any significant effect upon the C02-combining power of the blood, 
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Protocol I. 


Dog 3, weight 4 kilos. 



Urine analyses. 

Blood. 


Date. 

Vol- 

ume. 

OlN 
aoid , 

NHi 

PtOi 

OlK 
total 
acid 
(acid 4* 
NHi) 

OlM 

phos- 

phates. 

COi 

Period. 

im 

June 10 

11 

cc 

90 

125 

cc 

54 

16 

gm 

0 054 

0 144 

gm 

0 499 

0 590 

cc 

86 

101 

cc 

70 
' 83 

vola 

Tier cent 

47 45 

Normal. 

it 


11 

12 

12 


Injected 1.4 gm. disodium pho8j>hate at 6 p. m. 

110 I 122 I 0 088 I 0 852 I 176* I 120 | 51 57| Experimental. 
Injected 1.4 gm. disodium phosphate at 6 p. m. 

Experimental. 
Normal. 


** 13 

125 

80 

0 191 

1 250 


176 

57 90 

« 14 

115 



0 348 

80 

49 

55 39 


Injected equivalent of 197 cc. of 0.1 m disodium phosphate solution. 
Total acid recovered over control period is equivalent to 181 cc. of 0.1 n 
solution. Phosphate in excess over control period is equivalent to 143 cc. 
of 0.1 M solution. Ammonia in excess over control period is 0.091 gm. and 
is equivalent to 53.5 cc. of 0.1 n solution. 


Protocol 11, 

Dog 7, weight 3 kilos. 



Unne analyses 

Blood 


Date 

1 

Vol- 

ume. 

0 1 K 

acid 

NHi 

PiO. 

01 N 
total 
acid 
(acid + 
NHi) 

OlM 

phos- 

phates 

COj 

Period 

logs 

cc 

cc 

gm 

Qm 

cc. 

cc 

vole 

per cent 


July 3 

75 

60 

0 150 

0 277 

147 

1 39 

43 57 

Normal. 

3 

Injected 1 8 gm. disodium phosphate at 6 p. m. 

** 4 

! 170 1 

i 108 

0 168 1 

1 0 885 1 

1 207 1 

1 124 1 

45 25| Experimental. 

« 4 

1 Injected 1.8 gm. disodium phosphate at 10 a.m« 

« 5 

180 

36 

0.466 

1.220 

310 

172 

53 64 

Experimental. 

6 

160 

19 

0 218 

0 358 

147 

50 

49 72 



Injected equivalent of 254 cc. of 0.1 m disodium phosphate solution. 
Total acid recovered over control period is equivalent to 260 cc. of 0.1 n 
solution. Phosphate in excess over control is equivalent to 218 cc. of 0.1 
li solution. Ammonia in excess over control period is 0.327 gm. apd is 
equivalent to 192 cc. of 0.1 n solution. 
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Protocol III, 


Dog 8, weight 7 kilos. 



Urine anal 3 rsee. 

Blood. 


Date. 

Vol- 

ume. 

0 1 N 

acid. 

NHi 

PsO, 

0 1 N 
total 
acid 
(acid ri- 
NHi) 

OlM 

phoe- 

phatee. 

COi 

Period. 

im 

cc 

cc 

gm. 

gm. 

cc 

cc. 

voU 

per cent 


July 4 

165 

58 

0 166 

0 297 

156 

42 


Normal. 

“ 5 

no 

59 

0 135 

0 242 

138 

34 

42 38 

tt 

“ 5 

Injected 3.0 gm. disodium phosphate at 6 p.m. 


6 

215 

126 

0 220 

1 740 

255 

245 


Experimental. 

6 

Injected 3.0 gm. disodium phosphate at 9 

a m.; 

also at 6 p.m. 

« 7 

390 

116 

0 681 

2 810 

523 

396 

42 10 

Experimental. 

“ 8 

430 

71 

0 380 

0 730 

203 

103 


u 

“ 9 

Urine returned to normal. 






Injected equivalent of 635 cc. of 0.1 m disodium phosphate solution. 
Total acid recovered over control period is equivalent to 632 cc. of 0.1 n 
solution. Phosphate in excess over control period is equivalent to 630 cc. 
of 0.1 M solution. Ammonia in excess over control period is 0 830 gm. and is 
equivalent to 488 cc, of 0 1 n solution. 


Protocol IV. 

Dog 6, weight 7.5 kilos. 



[ Urine analyses 

1 1 

Blood 


Date. 

Vol- 

ume 

0 1 N 
acid 

NH« 

P2O6 

0 1 N 
total 
acid 
(acid H- 
NH,) 

0 1 M 

phoa- 

pbatee 

CO 2 

Period 

ms 

June 19 
« 20 

cc 

75 

285 

cc 

106 

86 

gm 

0 0626 
0 0748 

gm 

0 675 

0 622 

cc 

143 

130 

cc 

95 

86 

vole 

per cent 

44 77 

Normal. 

(f 


“ 20 Injected 3.12 gm. monosodium phosphate at 6 p m. 

“ 21 65 I 243 I 0 0808| 1 860 | 291 | 262 | 43 50| Experimantal. 

21 Injected 3 12 gm monosodium phosphate at 6 p.m. 


“ 22 

220 

328 0 2230 2 310 

469 

362 43 36 Experimental. 

“ 23 

150 

0 930 

202 

131 


Injected equivalent of 520 cc. of 0 1 m monosodium phosphate solution. 
Totfl acid recovered over control period is equivalent to 487 cc. of 0.1 N 
solution. Phosphate in excess over control period is equivalent to 407 cc. 
of 0.1 M solution. Ammonia in excess over control period is 0.157 gm. and 
is equivalent to 92.5 cc. of 0.1 n solution. 




B. M. Hendrix and J. P. Sanders 


509 


Protocol V. 


Dog 6, weight 7.5 kilos (second experiment). 



Urine analyses. 

Blood. 


Date. 

Vol- 

ume 

0 1 N 
acid 

NHj 

P2O, 

01 N 
total 
acid 
(acid 4- 
NH,) 

0 1 M 

phOB- 

pnates 

COi 

Period 

tm 

cc. 

cc. 

am 

gm 

cc 

cc. 

tola 

per cent 


June 27 

530 

73 

0 328 

0 477 

266 

67 


Normal. 

28 . 

670 

! 62 

0 333 

0 503 

258 

71 

45 22 

« 

28 

Injected 3.12 gm. monosodium phosphate at 4 p.m. 

29 

410 1 

1 1S2 1 

1 0 632 

1 710 1 

1 555 ‘1 

1 241 1 

1 44 40| Experimental. 

29 

Injected 3 12 gm monosodium phosphate at 9 a.m. ; also at 4 p.m. 

“ 30 

590 

352 

1 0 342 

3 240 

55^' 

457 


Experimental. 

July 1 

335 

49 

0 241 

0 435 

191 

61 

44 95 

Normal. 


Injected equivalent of 778 cc of 0.1 m monosodium phosphate solution. 
Total acid recovered over control period is equivalent to 584 cc. of 0.1 n 
solution. Phosphate in excess over control period is equivalent to 559 cc. 
of 0,1 M solution. Ammonia in excess over control period is 0.313 gm. and 
is equivalent to 184 cc. of 0.1 n solution. 


Protocol VI. 


Dog 5. 


Urine analyses 

Blood 


Date. 

Vol- 

ume 

0 1 N 
acid 

NHi 

Sodium 

hippu- 

rate 

0 1 N 
total 
acid 
(acid + 
NHi) 

0 1 N 

hip- 

punc 

acid 

CO> 

Period 

19tS 

cc. 

cc 

gm 

gm. 

cc 

cc. 

vola 

per cent 


June 19 

95 

97 

0 0825 


145 



Normal. 

‘‘ 20 

95 

124 

0 0728 


167 



It 

« 21 

95 

104 

0 0885 

. 

163 


45 35 

it 

21 

Injected 2.5 gm, sodium hii 

jpurate at 6 1 

3.m. 


'' 22 

120 

136 

0 2 O 6 OI 1 395 

257 

70 

1 47 50 

Experimental. 

22 

Injected 2.5 gm. sodium hippurate at 9 a.m.; also at 6 p m. 

‘‘ 23 

325 

115 

0 3570| 4 750 

325 

237 

48 12 

Experimental. 

23 

Injected 2.5 gm. sodium hippurate at 11 

a.m. 


“ 24 

275 

55 

0 374 

2 210 

275 

no 

48 70 

Experimental. 


Hippurate injected is 10 gm. which is equivalent to 496 cc. of 0.1 N solu- 
tion. Total acid recovered over control period is equivalent to 417 cc. of 
0.1 N solution. Hippurate in excess over control period is equivalent to 
414 cc, of 0.1 N solution. Ammonia in excess over control period is 0.766 
gm. and is equivalent to 398 cc. of 0.1 n solution. 



510 Salts of Weak Acids and Urinary Acidity 


Dog 6-A. 


Protocol VII, 


Date. 


ms 

June 27 
28 

« 28 
“ 29 

“ 29 


Urine analysee 


Vol- 

ume 


275 

155 


01 N 
aoid 


21 

39 


NHi 


gm. 

0 234 
0 260 


Sodium 

hippu- 

rate 


0 1 N 
total 
acid 
(acid -f 
NHi) 


159 

192 


0.1 N 
hip- 

purio 

aoid 


Blood. 


CO* 


tols I 
per cerA\ 


44 32 


Injected 2 5 gm. sodium hippurate at 4 p m. 

195 1 50 I 0 531 I 2 24 1 362 | 112 | 50 76| Experimental. 
Injected 2.5 gm. sodium hippurate at 10 a ra. ; also at 6 p.m. 


Period. 


Normal. 


‘‘ 30 1 

175 

97 

0 202 

4 24 

215 I 

211 

52 10 

Experimental. 

July 1 

140 

35 

0 205 

0 434 

168 1 

21 

55 95 

u 


Hippurate injected is 7.5 gm. and is equivalent to 371 cc. of 0.1 n solu- 
tion. Total acid recovered over control period is equivalent to 362 oo. of 
0.1 N solution Hippurate in excess over control period is equivalent to 
331 cc. of 0,1 N solution. Ammonia in excess over control period is 0 192 gm. 
and IS equivalent to 111 7 cc. of 0 1 n solution. 


Protocol VIIL 

Dog 12, weight 9 5 kilos. 


Date 

Urine analyses 

Blood 

Period. 

Volume 

0 1 N acid 

z 

Sodium hippu- 
rate 


it 

.-.o 

o 

8 

^ ft 
© 

0 1 N hippunc 
acid. 

O 

O 

ms 

July 18 
“ 19 

“ 19 

20 

20 

21 

cc 

140 

120 

lnj< 

no 

Inj 

165 

cc 

67 

105 

3ctec 

134 

Bctec 

165 

gm 

0 243 
0 216 

1 2.55 
[0 300| 
[ 3.00 
0 337 

gm, 

gm. 
2 44 
gm s 
2 78 

gm 

1 34 
1 06 
sodi 
1 0 59; 
odium 
0 51 

cc 

210 
232 
um h 
1 310 1 

1 hipp 

363 

cc 

189 

150 

ippur 

i 84! 
urate 
72 1 

cc 

ate 
122 
at 9 
139 

voU 

per cent 

42 67 
at 3 

1 46 23 
a.m. 

44 33 

Normal. 

n 

p.m. 

1 Experimental. 

I Experimental, 


Hippurate injected is 5 55 gm. and is equivalent to 275 cc. of 0.1 N solu- 
tion. Total acid recovered is equivalent to 231 cc. of 0.1 n solution. Hip- 
purate in excess over control period is equivalent to 261 cc. of 0.1 N solution. 
Ammonia in excess over control period is 0.178 gm. and is equivalent to 105 
cc. of 0.1 N solution. 
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or, any marked effect the injection may have had disappeared 
before the blood was drawn for the determination. 

It is to be noted that the increase in phosphate excretion agrees 
quite well with the amount injected and in virtually all cases, the 
excretion of acid, ammonia, and phosphate had returned to normal 
on or before the 3rd day after the injection. 

The injections of sodium hippurate as shown by the experiments 
on Dogs 6, 12, and 6-A had essentially the same effect upon the 
urine and blood as disodium phosphate under the same conditions. 
There may be a slightly less close agreement between the amount 
of salt injected and the total acid excreted, but this difference may 
be explained by the fact that hippuric acid is a much stronger 
acid than is monosodium phosphates The percentage of total 
acid excreted as ammonium salts was perhaps less on an average, 
but in no case was the proportion of ammonia so low as in one of 
the disodium phosphate experiments. The recovery of hippuric 
acid in the urine was practically complete in every case. The 
blood showed an increase in alkali reserve in these experiments 
similar to that shown after the injections of disodium phosphate. 

DISCUSSION. 

These experiments show that the dog can retain the metallic 
ion from the salts of weak acids as was previously shown for di- 
sodium phosphate by Cushny, but the evidence here presented 
brings out the fact that one sodium ion of disodium phosphate and 
the sodium ion of sodium hippurate may be completely retained by 
the fasting dog. At least, this is true for the quantities of salts 
used in these experiments. 

The work on sodium hippurate is especially interesting, inasmuch 
as hippuric acid is a relatively strong acid. Henderson and Spiro 
(9) and Henderson (10) have pointed out that not more than 3 per 
cent of the hippuric acid could exist in the free state, even in those 
urines which have the highest observed hydrogen ion concentra- 
tion. In the blood, hippuric acid could exist as the free acidonlyin 
negligible amounts. These considerations point to changes in 
the kidneys of the sort shown by the following equations. 

I. C(,H»CONHCH,COONa 4* H^CO, « NaHCO, + 
CeHtCONHCHsCOOH 

II. C»H,CONHCH,COOH -f Na,HP04 - NaHjPOi 4- 
CeHsCONHCHaCOONa 
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The phosphate excretion in at least one hippurate experiment 
was not sufficient to take care of more than the free acid. The 
ammonia accounted for the remainder of the total acid. As far 
as the hippurates are concerned, the evidence points to an inter- 
change between NH4 ions and Na ions in greater proportion than 
between H ions and Na ions.. It would be interesting to investi- 
gate the sodium salts of acids which are stronger than hippuric 
but weaker than the strong mineral acids, but none which would 
not be at least partially destroyed in the animal body was avail- 
able to us. 

It would appear that the limit of the power of the kidney to 
retain metallic ions must be somewhere between hippuric acid and 
sodium acid sulfate, that the kidney, or the animal body at least, 
retains the sodium ion of sodium hippurate but not even the second 
sodium of normal sodium sulfate. The dissociation constant of 
hippuric acid is given by Henderson and Spiro as 2.22 X 10 “^ 
while that of the second hydrogen of sulfuric acid is about 3 X 10 “^ 
as sodium acid sulfate is about 100 times as strong as hippuric 
acid. The limit of the power of the kidney to hold back sodium 
and other metallic ions from salts must be somewhere within 
the range indicated by^ these two substances. 

The ammonia excretion in both the phosphate and the hippurate 
series lends support to the hypothesis advanced by Nash and Bene- 
dict that the urinary ammonia has its origin in the kidney. It is 
impossible to suppose that injections of disodium phosphate or 
sodium hippurate can decrease the pH of the blood or cause an 
appreciable increase in the amount of available free alkali in the 
tissues. The older conception of the formation of urinary ammonia 
assumes that it reacts with acids formed in the tissues and is then 
excreted by the kidney. Sodium hippurate and disodium phos- 
phate undoubtedly increase the available alkali in the blood and 
probably also in the tissues, hence if the increase of urinary am- 
monia observed in this study did not have its origin in the kidney, 
some new explanation for the formation in the other tissues of the 
animal body must be found. 

In ‘addition to this source of ammonia, it seems worth while to 
mention again the probability that some of the urinary ammonia 
is of intestinal origin. If the ammonia, which undoubtedly 
arises in the alimentary tract from the digestion and putrefaction 



B. M. Hendrix and J. P. Sanders 


513 


of protein, reacts with a strong acid such as hydrochloric to form a 
salt, it would most likely be absorbed and then excreted by the 
kidney, in part at least, without further change. 

SXJMMAKY. 

1. Fasting dogs show an increased excretion by the kidney, of 
both titratable acid and ammonia after injections of disodium 
phosphate and of sodium hippurate. 

2. The amount of total acid (titratable acid plus ammonia) 
excreted in the urine was practically equivalent to the salt injected. 

3. The urinary ammonia was always increased by the injection 
of disodium phosphate and of sodium hippurate. 

4. Evidence is presented in support of the view of Nash and 
Benedict that at least a portion of urinary ammonia is formed in 
the kidney. 

5. It is suggested that the kidney can retain sodium from the 
salts of acids as strong as hippuric, but, obviously, not even one 
sodium is retained from neutral sodium sulfate or from salts of 
acids which dissociate as much as the HSO4 ion of acid sulfates. 
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Chemistry of the School of Medicine^ University of Texas, Galveston,) 

(Received for publication, September 28, 1923.) 

• > 

In a previous communication (1) we reported the results of 
a study of the tolerance of normal dogs for glucose, fructose, 
and galactose. It was pointed out that fructose is less effective 
and galactose more effective than glucose in producing alimen- 
tary hyperglycemia. Dogs show relatively slight variations in 
their tolerance for fructose. Judging from a number of similar 
experiments on normal human subjects, the same rule seems to 
apply. In the case of the dogs, we have never observed an 
increase of more than 35 mg. of blood sugar following the ad- 
ministration of 3 gm. of fructose per kilo of body weight, and in 
most instances the increased concentration was not greater than 
20 mg. in 100 cc. of blood. On the other hand, no such striking 
constancy in effects was observed following the ingestion of 
similar quantities of glucose or galactose. 

In the present work we have studied the effect of experimental 
liver injury on carbohydrate tolerance in the dog. It is well 
known that normal carbohydrate metabolism is deranged in 
conditions where the liver is removed or where its function is 
seriously impaired. Sachs (2) found that the tolerance for levu- 
lose was lowered in frogs following liver extirpation. More 
recently Jacobson (3) has shown that Eck fistula animals have 
an extremely low tolerance for levulose but that glucose toler- 
ance is only slightly modified in this condition. Roger (4), 
Baylac (5), and de Haan (6) observed that after the ingestion of 
sucrose, glycosuria was more frequent in cases of liver involve- 
ment than in normal individuals. Strauss (7) attributed the 

515 
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lowered tolerance in these cases to a diminished utilization of 
the levulose arising from the ingested sucrose. He therefore 
proposed levulose as a test for hepatic function. After the 
administration of 100 gm. of this sugar, the urine was analyzed 
for what was presumably levulose; the appearance of a reducing 
substance being regarded as a positive test. Using this method, 
later investigators obtained conflicting results. Landsburg (8) 
and Churchman (9) have shown that the tolerance for levulose 
as determined by this method is so variable in different indi- 
viduals that the Strauss test is totally unreliable. 

Measurement of carbohydrate tolerance by determining the 
effect on the blood sugar has yielded more uniform results. 
Spence and Brett (10) report that in certain cases of toxic jaundice 
due to arsphenamine, a valuable indication of the efficiency of 
the liver may be obtained by estimating the changes in the blood 
sugar concentration which follow the ingestion of levulose. In a 
number of unpublished experiments, we have found this method 
useful as an aid in the diagnosis of certain cases of eclampsia, 
hepatic cirrhosis, and salvarsan jaundice. Very recently Covell 
(11) employed the levulose tolerance test in determining the 
degree of hepatic inefficiency in amebic dysentery. 

EXPERIMENTAL. 

In the following experiments, normal dogs were used. The 
tolerance for the monosaccharides was determined as in our 
previous work (1) using Merck's c.p. glucose and Pfanstiehl's 
c.p. ^^special grade" levulose and galactose. The method of 
Folin and Wu (12) was used in the determination of blood sugar. 

Prolonged chloroform anesthesia, as well as the subcutaneous 
administration of this substance, results in extensive injury to 
the parenchymatous organs, particularly the liver. In a 
number of trials we failed to maintain dogs under chloroform 
anesthesia over prolonged periods. However, in the case of one 
animal (Dog C-2), three successive administrations of chloro- 
form by the ^^drop method" resulted several days later in a 
marked decrease in the tolerance for levulose and dextrose. 
These data are outlined in Table I. Gross autopsy showed 
marked fatty degeneration of the liver. The microscopic ex- 
amination of the tissues of this organ demonstrated protoplasmic 
and nuclear degenerative changes. 
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TABLE I. 

Carbahydrate Tolerance Before and After Prolonged Chloroform Anesthesia. 


Dog C-2, male. 





Blood sugar per 100 oo. 


1 

Weight. 

Sugar administered. 

Initial. 

15 mm. 

d 

a 

MS 

75 mm. 

a 

i 

to 

Remarks. 

1 

kg. 

8 ?! 

26.1 gm. levulose. 

mo. 

77 

mg 

89 

mg 

87 

mg 

87 

mo 

87 I 

Glycosuria. 

2 

8 7 

26 1 ‘‘ galactose. 

81 

98 

164 

212 

261 

Marked glycosuria. 

3 

8 7 

26.1 “ glucose. 

99 

126 

125' 

122 

116 

No glycosuria. 

4 

6 

6 

7 

8 4 

25.2 gm. levulose. 

65 

97 

137 

130 

122 

Chloroform anes- 
thesia for 2 hrs. 
Anesthesia for 1 hr. 
« « 2 

30 min. 
Glycosuria. 

8 

84 

25.2 galactose. 

70 

116 

190 

270 

208 

Marked glycosuria. 

9 

8 1 

24.3 ** glucose. 

80 

165 

209 

157 

no 

Glycosuria. 


TABLE n. 

Carbohydrate Tolerance Before and After Chloroform Poisoning. 


Dog C-5, male. 





Blood sugar per 100 oo. 


Day. 

Weight 

Sugar administered. 

Imtial 

15 mm. 

45 min 

75 mm 

d 

g 

Remarks. 

1 

ka 

6 2 

18.6 gm. levulose. 

mg 

97 

mg 

112 

mg. 

114 

mg 

118 

mg 

93 

Glycosuria. 

2 

6 2 

18.6 “ galactose. 

97 

150 

220 

258 

150 

n 

3 

6 2 

18.6 “ glucose. 

105 

182 

255 

254 

100 

a 

4 

6 

6 2 

18.6 gm. galactose. 

90 

164 

215 

276 

190 

4 cc. chloroform ir 
olive oil subcuta- 
neously. 
Glycosuria. 

7 

6 2 

18.6 levulose. 

120 

165 

183 

147 

122 

u 

8 

0 2 

18.6 ‘‘ glucose. 

100 

198 

260 

312 

133 

it 

13 

6 0 

18.0 ‘‘ levulose. 

92 

137 

137 

113 

102 

it 

18 

6 0; 

1 

18.0 ‘‘ “ 

83 

116! 

102 

90 

83 

u 
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More severe poisoning was produced in Dog C-5. In this 
case, 4 cc. of chloroform in olive oil were administered subcu- 
taneously. As indicated in Table II, marked li'^r ineflB.ciency 
was observed 3 days later. On the 13th day of the experiment, 
considerable improvement was noted. Almost complete restora- 
tion of function was observed on the 18th day. These results clearly 
demonstrate the remarkable rapidity with which the liver regains 
its functional activity following extensive chloroform necrosis. In 
this regard, our findings accord well with the histological ob- 
servations made by Davis and Whipple (13). These authors 
have shown that an injury of one-half of the liver lobule may be 
repaired in 9 days on a sugar diet. Even if the animal were 
to receive no food, half repair would occur within this period. 

TABLE III 

Levulose. Tolerance Before and After Chloroform Poisoning. 


Dog C-18, male. 






Blood sugar per 100 

cc 


Day 

Weight. 

Sugar administered 

Initial 

15 min 

45 min 

75 mm 

135 min 

Komarks 


kg 



m/ 

rm 

m? 

mg 

mg 


1 

7 8 

23 4 gin 

levulose 

96 

112 

128 

115 

92 

2 CC. chloroform. 

3 

7 0 

210 ‘‘ 

c< 

121 

144 

156 

125 

105 


6 

7 0 

21.0 “ 

it 

125 

128 

135 

136 

125 

4 cc. chloroform. 

7 

7 3 

21 9 

a 

83 

135 

143 

137 

108 

3 

9 

7 0 

210 

if 

96 

102 

150 

140 

102 


14 

7 3 

21 9 “ 

a 

68 

99 

119 

103 

92 



In a third animal, somewhat greater resistance to chloroform 
was observed. However, even in this case, subcutaneous injec- 
tions of this substance were followed by a marked decrease in 
levulose tolerance (Table III;. 

Phosphorus produces injurious effects upon all the organs of 
the body, the most marked anatomical injury being observed 
in the liver where fatty changes usually occur. Phosphorus is 
especially destructive of the cytoplasm of the liver cells. 

Mild phosphorus poisoning was produced in a dog by the 
administration of 4 mg. of phosphorus in olive oil. On the day 
following the injection; a decrease in levulose tolerance was 
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noted, as shown by the data in Table IV. A second dose of 
10 mg. of phosphorus ended fatally. 

More extensive liver injury was produced in a second dog 
(No. P-10). As shown by the data outlined in Table V, liver 
ineflSiciency, as determined by the levulose tolerance test, was 

TABLE IV. 

Levulose Tolerance Before and After Mild Phosphorus Poisoning, 


Dog P-2, male. 





Blood sugar per 100 cc 


Day. 

Weight. 

Sugar administered. 

Initial. 

15 min 

45 mm 

75 min 

d 

a 

B 

Remarks. 

1 

2 

ftff 

G 5 

« 

19 5 gm levulose 

mg. 

77 

mg 

83 

mg 

99 

mg 

92 

mg 

92 

. 4 mg. P. 

3 

4 

65 

19 5 gm. levulose 

101 

122 

134 

126 

103 

10 “ 

Died. 


TABLE V 

Carbohydrate Tolerance Before and After Phosphorus Poisoning, 
Dog P-10, female. 


1 

j 


Blood sugar per 100 co 


Day. 

Weight 

Sugar administered 

Initial. 

15 nun 

45 min 

75 min. 

135 min 

Remarks. 


kg 


mg. 

mg 


mg. 

mg 


1 

6 4 

19.2 gm. glucose 

102 

193 

226 

216 

120l 


2 

8 

6 4 

19.2 levulose. 

84 

j 

K)3 

109 

107 

100 

10 mg, P, 

10 

6 0 

18.0 gm. glucose. 

80 

129 

140 

182 

190; 


11 

12 

6 0 

18.0 levulose. 

89 

119 

131 

160 

129 

Dog died. 


noted 3 days after the animal received a subcutaneous injection 
of 10 mg. of phosphorus in olive oil. The dog died on the following 
day. Very marked fatty degeneration was observed on autopsy. 

The effect on liver function of successive sublethal doses of 
phosphorus was determined in the case of Dog P-19. This 
animal received three 5 mg. doses of phosphorus in olive oil, 
injected subcutaneously. The tolerance for levulose was pro- 
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gressively diminished, as indicated by the data outKned in Table 
VI, the animal dying on the 11th day of the experiment. 

We have determined the effect of chronic alcoholism upon 
levulose tolerance in a single animal. Following an initial fructose 
test, which was normal, a dog, weighing 12.9 kilos, received daily 
50 cc. of alcohol diluted with water. This was continued for a 
period of 2 weeks. Moderate liver involvement was indicated 
at the end of this time. The administration of 100 cc. of alcohol 
on 3 successive days resulted in the death of the dog. Micro- 
scopic examination of the liver tissue showed early chronic in- 
terstitial hepatitis and slight fatty degeneration. In addition, 
acute diffuse tubular nephritis was noted. 

TABLE VI 

Levulose Tolerance Before and After Phosphorus PcHsoning, 


Dog P-19, female 







Blood sugar per 100 cc 


Day. 

Weight. 

Sugar administered 

Initial 

15 mm 

45 mm 

75 mm 

135 mm 

Remar kB. 


kg 




mg 

m? 

mg 

mg 

m^ 


1 

2 

13 0 

39 

gm 

levulose 

96 

97 

102 

1 

99 

90 

5 mg P. 

5 

13 0 

39 

gm 

levulose 

108 

110 

127; 

113 

108 

5 “ 

8 

12 0 

36 

it 

a 

68 

98 

118 

151 

152 

5 ‘‘ “ 

10 

11 

11 7 

35.1 

a 

it 

96 

115 

162 

173 

153 

Dog died. 


DISCUSSION. 

A consideration of the results obtained in the preceding ex- 
periments leads to the conclusion that the levulose tolerance 
test, as applied by us, gives reliable information concerning the 
functional capacity of the liver in dogs. The ingestion of dex- 
trose, on the other hand, produces too variable an effect on the 
blood sugar concentration to be of similar value as a liver function 
test. Owing to the low tolerance for galactose normally, any 
divergence from the normal as a result of liver injury would be 
too slight to be easily interpreted for purposes of diagnosis. 

In the case of animals with severe liver injury, the glycuresis 
following the ingestion of the monosaccharides is more marked 



M. Bodansky 


521 


than in nonnal animals. It has been pointed out by the writer, 
previously, that the sugar appearing in the urine of nonnal dogs 
after fructose feeding is not levulose, but more likely reducing 
decomposition products of this substance. In this regard, our 
findings are in accord with those of Folin and Berglund (14). 
In conditions of hepatic derangement, however, we have been 
able to demonstrate alimentary fructosuria (Seliwanoff reaction 
and preparation of methylphenylfructosazone). 

Whipple and Sperry (15) made a careful study of tissue repair 
in the liver following central necrosis. These authors found that 
after sufficient chloroform had been administered to cause ne- 
crosis of the central two- or three-fifths of every liver lobule, the 
process of repair would begin at once. It appears that the de- 
bris is removed by wandering cells or by cell enzymes. The 
remaining cells multiply rapidly, the greater part of the deficit 
being replaced in about 6 days. According to Whipple and 
Sperry almost complete recovery is effected in 11 days, and after 
3 weeks, the liver seems quite normal. Our observations demon- 
strate that restoration of liver function runs a course parallel to 
the regeneration of liver tissue as described by Whipple and 
Sperry. As shown in Table II, 2 days following poisoning with 
chloroform, there was marked levulose intolerance. 6 days 
later, there was very noticeable improvement in liver function, 
with practically a return to normal 14 days after the intoxication. 

SUMMARY. 

A study of carbohydrate tolerance has been made in experi- 
mental derangements of the liver due to chloroform and phos- 
phorus poisoning. On the basis of our results, supported by 
pathological findings, we are led to conclude that the levulose 
tolerance test, as described, is of great value in measuring the 
degree of liver involvement in experimental animals. Lowered 
tolerance for glucose and galactose is likewise associated with 
severe liver injury. However, glucose cannot be used in testing 
liver function because other factors may influence the tolerance 
for this carbohydrate. Similarly, galactose is of relatively little 
value in this regard owing to the marked individual variations 
exhibited by different animals in their tolerance for this sugar. 
As regeneration of liver tissue occurs in chloroform necrosis, 
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liver function is rapidly restored. Within 6 to 14 days after 
poisoning with chloroform, the tolerance for levulose in dogs 
had returned almost to normal. 

The writer is indebted to Professor J. B. Sumner of Cornell tJni- 
versity in whose laboratory this work was completed and to Pro- 
fessor H. C. Hartman of the Universil^^of Texas who made the 
microscopic examination of a number of the tissues. 
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THE DETERMINATION OF CHLORIDES IN BLOOD AND 

TISSUES. 

By DONALD D. VAN 8LYKE. 

{From the Hospital of The Rockefeller Institute for Medical Research,) 
(Received for publication, October 9, 1923.) 

In the following paper a chloride method is presented in which 
the sources of error have been xeduced by so simplifying the 
technique that the entire operation 'fe carried out in a single; 
vessel. The proteins are destroyed, and the chloride is pre- 
cipitated, by heating with concentrated nitric acid in the presence 
of known amounts of silver nitrate; and the excess silver is titrated 
with sulfocyanate under the "conditions worked out by White- 
horn (1921) for perforjning the Volhard titration accurately in 
the presence of the silver chloride precipitate. 

In attempting to determine the chloride content of centrifuged blood 
cells, Van Slyke, Wu, and McLean (1923) encountered diflBculties in apply- 
ing the method devised by Austin and Van Slyke (1920) for whole blood. 
The formation of the silver precipitate in the protein-free, picric acid 
filtrate was peculiarly slow, and the above authors were uncertain whether 
the phenomenon was due to retardation in the precipitation of silver chlo- 
ride, or to a slow subsequent precipitation of some other silver compound. 
In either case, it became desirable to improve the method by eliminating 
the disturbing retardation of the precipitation. In consequence, the 
oxidation of the organic matter by nitric acid has been resorted to. 

The principle of destroying proteins by nitric acid in the presence of 
silver nitrate, in an open flask (performing, so to say, an open Carius 
determination) appears to have been first used by von KorAnyi (1897). In 
order to avoid the necessity of precipitating the protein in urine before 
titrating the chloride, he added concentrf^ted nitric acid with the standard 
silver nitrate and heated till the proteins were dissolved, adding perman- 
ganate to assist in clearing the solution. He applied the method only to 
urine, and gave no figures to show whether the process involved loss of 
chlorine or gave accurate results with standard chloride solutions. 

RusznyAk and Kellner (1922) have recently recommended ashing blood 
and tissues with nitric acid before the silver nitrate is added. They like- 
wise give no control determinations on material of known chloride content. 
We find that a large percentage of the chlorine is lost by their procedure. 
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Greenwald and Gross (1922) have deproteinized blood for chloride de- 
termination by heating it with nitric acid in the presence of excess silver 
nitrate. They presented no data on known chloride solutions demonstrat- 
ing quantitative recovery, but the constancy of the results with blood, and 
the approximation to results by other methods, indicated the probability 
that volatilization of chlorine was prevented by the silver nitrate. 

In the present paper we have tested the open Carius method 
by analysis of standard aqueous KCl solutions, and of known 
solutions prepared by addition of weighed amounts of KCl to 
blood and blood cells which had been dialyzed until chloride- 
free. We have also confirmed the accuracy of the Volhard 
titration of the excess silver, without removal of the AgCl, 
under the conditions of nitric acid and ferric alum concentration 
adopted by Whitehorn. 

Macro Method. 

Procedure. — To 3 or 5 cc. (or grams) of serum or hlood in a 
100 cc. Erlenmeyer flask of Pyrex glass are added 10 or 15 cc., 
respectively, of 0.05 N AgNOa, prepared in concentrated nitric 
acid (of 1.4 specific gravity). The flask is covered with a watch- 
glass and heated on a water bath till the solution above the 
AgCl precipitate is clear and light yellow in color. For this 
purpose 1 to 2 hours suffice for serum, while whole blood requires 
about 12 hours (we usually leave it overnight). For each cc. 
of the nitric acid solution used 2 cc. of water are then added (20 
or 30 cc.). Powdered ferric alum (1 or 1.5 gm. measured ap- 
proximately from a spoon or tube) is added, the solution is 
cooled to room temperature, and the excess silver is titrated with 
0.05 N sulfocyanate. An empirical correction of 0.04 cc. is sub- 
tracted from the sulfocyanate used, as under the conditions of 
the titration this excess is found necessary to give a decided 
end-point. 

For tissues the procedure is the same, except that their smaller 
chloride content makes it desirable to digest with nitric acid con- 
taining 0.02 N instead of 0.05 n AgNOs. With tissues it is de- 
sirable also to add 1 or 2 drops of octyl alcohol to prevent foaming 
at the beginning of digestion. 

Calculation. — Milli-equivalents of Cl per liter or kilo = 

50 (cc 0.05 N Ag - cc. 0 05 N CNS) 
cc. or gm. sample 
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Cl calculated as gm. of NaCl per liter or kilo = 0.0585 X 
m.-Eq. = 

2.925 (cc. 0.05 n Ag ~ cc, 0.05 n CNS) 
cc. or gm. sample 

Control titrations are made to standardize the thiocyanate. 
15 cc. of the 0.05 n AgNOs plus 35 cc. of water plus 1.5 gm. of 
ferric alum are titrated directly against the thiocyanate. If the 
volume required of the latter varies from 15.00 cc., the actual 
‘*cc. 0.05 N CNS’^ is obtained by multiplying the cc. of thiocya- 

, , , . 15.00 

nate used by the factor 7^^ IT- 1 — V 

*' cc. CNS used jn control 

Micro Method, 

Procedure , — 1 cc. of blood, or 1 to 1.5 gm. of tissue, is placed 
in a 100 cc. test-tube of Pyrex glass (we use the tubes employed 
in the Van Slyke-CuUen (1916) urea determination), and 3 cc. 
of the concentrated nitric acid containing AgNOa in 0.05 n con- 
centration are added. The tube is covered with a watch-glass 
and the mixture is digested as described above. Then 6 cc. of 
a 5 per cent solution of ferric alum in water are added, the solu- 
tion is cooled, and the excess silver is titrated with 0.02 n sul- 
focyanate. A correction of 0.04 cc. is subtracted from the 0.02 n 
sulfocyanate used. 

Calculation, — m.-Eq. of Cl per liter or kilo = 

20 (7.50 - cc 0.02 n CN S) 
cc. or gm. sample 

Gm. NaCl per liter or kilo = 

1.170 (7.50 - cc. 0.02 N CNS) 
cc. or gm. sample 

Control titrations are made in which 3 cc. of the 0.05 n AgNO* 
+ HNOs solution plus 6 cc. of ferric alum solution are titrated 
directly against the 0.02 n sulfocyanate. If the amount of the 
latter varies from 7.50 cc., the “cc. CNS” figure in the formula 

7.50 

is to be multiplied by the factor -r-. — 

^ cc. CNS used m control 
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Standard Solutions. 

The 0.05 N AgNOs solution may be made by dissolving the 
calculated weight of fused AgNOs (0.05 X 169.9 == 8.495 gm. 
per liter) in a minimum amount of water and making up to 
volume with nitric acid of 1.4 specific gravity. The 0.02 N 
solution is made by dilution of the 0.05 n with nitric acid. 

For accurate standardization it is advisable to prepare one 
solution by dissolving 5.394 gm. of pure silver in nitric acid, 
and making up to 1 liter by addition of more acid. 

The ammonium, sodium, or potassium sulfocyanate is standard- 
ized as usual against the silver, as described in connection with 
the procedures, and the standardization is repeated at intervals 
of at most 2 weeks to guard against change. 

EXPERIMENTAL. 

Analyses of Standard Solutions. 

0.25 N KCl solution was prepared by weight from recrystal- 
lized KCl (18.64 gm. diluted to 1 liter). It was standardized 
by diluting 15 cc. samples to 75 cc., acidifying with HNOs, and 
precipitating with 20 cc. of 5 per cent silver nitrate solution. 
The latter was added drop by drop with constant stirring. The 
precipitate was finally coagulated by boiling, and allowed to 
stand overnight before filtering. The precipitate was collected 
on a Gooch crucible, and dried overnight at 110°C. The weights 
of the precipitates obtained in duplicate determinations were 
0.5396 and 0.5396 gm. as compared with 0.5375 gm. theoretical. 

To test the accuracy of our titration method the following 
solutions were prepared from the 0.25 n KCl above described. 

Waier Solution of KCL — To 25 cc. of water 10 cc. of 0.25 n 
KCl were added. Neglecting the slight volume change in- 
volved in the dilution, the concentration of the solution is X 
0.25 = 0.07143 N. 

Blood Solution of KCL — Horse blood was laked with saponin 
and dialyzed under pressure in closed collodion sacs against 
repeated changes of distilled water for 4 days. At the end of 
this time portions of the solution were found to be chloride-free 
when the proteins were precipitated with saturated picric acid 
solution, and the filtrate was tested for chloride. To 25 cc. 
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portions of the dialyzed blood thus prepared 10 cc. portions of 
the 0.25 N KCl were added. 

Of the above water and blood solutions 5 cc. portions were 
digested overnight and analyzed as described above under 
‘^Macro method,” and 1 cc. portions were used for micro deter- 
minations. 

The amount of excess of sulfocyanate required to give the 
end-point under the conditions of the titration was ascertained 
by digesting blood with nitric acid without silver nitrate. To 
the yellow solution was added the thoroughly washed AgCl- 

TABLE I. 


Analyses of Known Solutions of KCl in Waivr and Dialyzed Blood Macro 
Method. 5 Cc. Samples. 





005 NAg 
pz^pitated by Cl 

Cl per liter. 

Solution 

0.05 K 
A«NO* 

0 05 N 
NH 4 CN 8 

From un- 
corrected 

1 titration. 

From titration 
corrected for 

0 04 CO excess 
CN 8 required 
for end-point 

From 

corrected 

titration 

6 guree 

Added. 


cc 

cc 

cc 

cc 

m -Eq 

m.-Eq. 

Water solu- 

15 00 

7 90 

7 10 

7 14 

71 4 

71,43 

tion. 

15 00 

7 90 

7 10 i 

7 14 

71 4 

71.43 


15 00 

7 90 

7 10 

7 14 

71 4 

71 43 

Blood solu- 

15 00 

7 94 

7 06 1 

7 10 

71 0 

71 43 

tion. 

15 00 

7 93 

7 07 

7 11 

71 1 

71 43 


15 00 

7 93 

7 07 

7 11 

71 1 

71 43 


AgCNS precipitate obtained from another analysis. Water 
and ferric alum as usual were added, and standard sulfocyanate 
was run in from a small burette until the end-point was dehnite. 
The amount required was 0.05 cc. of 0.05 n sulfocyanate in the 
macro method, and the same volume of 0.02 n sulfocyanate in 
the micro method. 

The results of the analyses by the macro method are given 
in Table I, those by the micro method in Table II. 

Comparative routine plasma analyses by the micro method 
and the Austin-Van Slyke (1920) method, respectively, .have 
given nearly identical results. 
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We have tried as a further check on oiu* titration to perform 
parallel gravimetric analyses, similar to the ^vimetric analyses 
of Greenwald and Gross (1922), weighing both the AgCl pre- 
cipitated by the Cl in the sample and that obtained by adding 
excess HCl to the filtrate from the first precipitate. Owing 
apparently to occlusion of unoxidized fat, however, the total 
AgCl obtained was equivalent to about 110 per cent of the Ag 
added, the occluded matter being chiefly in the first AgCl pre- 
cipitate. 

TABLE n 


Analyses of Known Solutions of KCl in Dialyzed Blood. Micro Method. 

1 Cc Samples. 


AgNOi 

0 02 N NH 4 CNS 

Difference 

Cl per liter 

0 05 N used 

0 02 N 

equivalent 

Un- 

corrected 

Corrected 
for 0 04 CO 
excess re- 
quired for 
end-point 

0 02 N 
AgNOj - 

0 02 N 

NH 4 CNS 

Found 

Added 

cc 

cc. 

cc 

cc 

cc 

m -Eq 

m ~Eq 

3 00 

7 50 

3 95 

3 91 

3 59 

71 8 

71 4 

3 00 

7 60 

3 95 

3 91 

3 69 

71 8 

71 4 

3 00 

7 50 

3 96 

3 92 

3 58 

71 6 

71 4 

3 00 

7 50 

3 98 

3 94 

3 56 

1 

71 2 

71 4 


Chloride Determinations in Tissues. 

A rabbit was dissected and portions of brain, triceps muscle, 
and liver were analyzed as described under the ‘^Macro method’ ' 
for whole blood. At the beginning of digestion 1 or 2 drops of 
octyl alcohol were added to prevent foaming. The results are 
given in Table III. It will be seen that when separate pieces of 
tissue were taken the results from the same tissue varied con- 
siderably, as might be expected. When the liver was hashed 
into a uniform suspension, however, the results were about as 
uniform as those obtained with blood. The accuracy of the 
method with tissues has not been demonstrated as completely 
as with blood, by removing the tissue chlorides and restoring 
known amoimts. Yet the similarity of the behavior of the 
tissues with that of blood, and the constancy of the results ob- 
tained with imiform liver suspensions, appear to leave little 
doubt as to the reliability of the method for tissues. 
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TABLE m. 


Tissue Chlorides. 


Tiuue. 

Chlonde per kilo. 


mu. 

Brain (separate sections) 

3 

88 


3 

77 

Triceps muscle (separate sections). . . ... 

1 

32 


1 

12 


1 

32 


1 

14 

Liver (separate sections) 

2 

91 


3 

11 


3 

.12 


3 

15 


2 

77 

Liver (uniform mixture) 

2 

82 


2 

81 


2 

87 


2 

80 


i 2 

83 


The experimental work in connection with the above paper 
has been performed entirely by Mr. Julius Sendroy, Jr. 
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THE INFLUENCE OF IRRIGATION WATER ON THE 
COMPOSITION OF GRAINS AND THE 
RELATIONSHIP TO NUTRITION. 

Bt J. E. greaves and E. G. CARTER. 

(From the Department of Chemistry and Bacteriology ^ Utah Agricvltural 
Experiment Station^ Logan.) 

(Received for publicatioD, September 20, 1923.) 

The irrigation water applied to a soil not only governs the 
quantity of grain grown on a unit area, but it also governs the 
quality. The value of grain produced on a unit area is governed 
by composition as well as quantity. The quantity and quality 
of ash found within various grains is of interest to the consumer 
and producer — to the consumer because it governs in a measure 
the nutritive value of the product, and to the producer because it 
represents the fertility which is being taken from the soil. For 
these reasons, in the future more consideration will be given to 
this phase of food composition than has been the case in the past 
The great volume of work which is being carried on at the Utah 
Experiment Station on the influence of water on the yield of 
plants offers excellent opportunities for a study of the influence 
of this factor on the composition of grains. Therefore, the 
results reported in this paper represent total ash, nitrogen, phos- 
phorus, potassium, calcium, and magnesium content of wheat, 
oats, and barley which were grown on the same soil having a 
variation in moisture content. The analyses were all made in 
duplicate on composite samples composed of from three to five 
yearly yields and reported on the dry basis of the grains. The 
results as reported in each table are averages of from six to ten 
separate analyses made on grain from three to five plats receiving 
like quantities of irrigation. Each of these samples is further 
made up of a composite of from three to five yearly yields. The 
yield of grain and treatment are those given by Harris (1) and 
Harris and Pittman (2). The analyses were made according to 
the Official Methods (3). 
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Irrigation Water on Grains 


The grain was grown on the Greenville Experimental Farm — 
a very productive calcareous loam of sedimentary origin. The 
surface acre-foot contained 4,904 pounds of total nitrogen, 2,700 
poimds of total phosphorus', 60,560 pounds of total potassium, 
434,365 pounds of acid-soluble calcium, and 132,463 pounds per 
acre of acid-soluble magnesium. It is probable that the calcium 
and magnesium occur in the soil mainly as the double salt 
form CaMg(C 03 ) 2 , and, therefore, magnesium carbonate itself is 
present in small quantities and hence not harmful. 0.57 and 
0.92 per cent of the soil are soluble in hydrochloric acid of specific 
gravity of 1.115. The total nitrogen content of grain grown on 


TABLE I. 

Percentages and Pounds per Acre of Total Niii ogen Found in Gram of Wheaty 
Oats, and Barley Grown with Varyxng Quantities of Irrigation Water, 



Treatment. 

Nitrogen 




Wheat 

Gate 

Barley 




per 

cent 

lha per 
acre 

per 

cent 

lha per 
acre 

per 

cent 

lha per 
acre 

No irrigation water 


2 392 

53 82 

2 753 

40 17 

2 057 

25 96 

5 in 

iriigation w'atei 

2 161 

44 88 

2 483 

41 54 

2 029 

27 95 

10 “ 


<< 

2 183 

47 14 

2 438 

48 51 

2 075 

33 47 

15 

<( 

u 

1 90o 

42 38 

2 332 

54 87 

1 813 

32 04 

20 

(( 

a 

1 976 

37 75 

2 296 

52 03 

1 807 

33 14 

35 

n 

a 

2 Ol t 

45 12 

2 140 

55 26 

1 773 

34 72 

45 “ 

i( 


! 


1 970 

47 72 



52 5‘‘ 



i 




1 736 

32 26 

67 5‘‘ 

a 


2 057 1 

44 70 






this soil with varying quantities of irrigation water is given in 
Table I. 

The nitrogen content of the wheat decreases as the quantity 
of irrigation water increases. This is pronounced with small appli- 
cations, and where the wheat was grown with large applications the 
nitrogen reaches what may be termed an irreducible minimum. 
There is 0.416 per cent less nitrogen in the grain grown on land 
receiving 20 inches of irrigation water over that grown on non- 
irrigated soil, and the total quantity of nitrogen contained in the 
non-irrigated grain is 43 per cent greater. Although the results 
are very irregular the tendency is for the total pounds per acre 
in the various grains to increase up to a certain maximum as the 
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irrigation water appKed increases, after which there is a decline* 
This is very pronounced in the oats and barley. It is probably 
correlated with the quantity of nitrates produced in this soil, as 
it has been shown elsewhere (4) on this same soil that the nitrate 
production is influenced in the reverse order. However, the 
quantity which remains at the surface and can be utilized by the 
growing plant is in the same order as the increased nitrogen in 
the plant. 

The oats show a very regular decrease in the percentage of 
nitrogen as the quantity of irrigation water increases. The oats 
raised on non-irrigated soil contained 39 per cent more nitrogen 
than those grown on soil receiving 45 inches of water. The bar- 
ley follows the same general law. 

This decrease in nitrogen with increased irrigation is due to 
two factors: (a) The irrigated grain due to its greater demand for 
nitrogen is not able to obtain sufficient from the limited supply 
of the soil to build a high protein grain. This is borne out by the 
findings of Gericke (5) that a high protein grain can be produced 
by keeping a ready supply of nitrates within reach of the growing 
plant, (b) The application of large quantities of irrigation waters 
during the growing season washes the nitrates beyond the feeding 
powers of the roots. This is borne out by these results, for it is 
found that where the water was applied in small frequent applica- 
tions the protein of the grain was high as compared to grain grown 
on land receiving the same quantities of water but in large applica- 
tions. The small frequent applications bring the soil up to an 
optimum (6) for rapid nitrification, but do not ca^rry the nitrates 
beyond the feeding area of the roots; hence, the higher protein 
grain. Applications of large quantities of water to the more 
mature plant have greater effects in reducing nitrogen content 
than have applications earlier in the growing period because it is 
during this latter period that a full supply is necessary to build 
the high protein grain. Excess water at this period carries it 
beyond the feeding area of the plants. 

The ash content of these same grains is given in Table II. 

The ash of the grain of wheat, oats, and barley increases with 
an increase of irrigation water. The ash of the wheat grown on 
land receiving 67.5 inches of irrigation water was slightly, less 
than that grown with 35 inches. Probably the maximum ash 



534 


Irrigation Water on Grains 


content is reached when wheat is grown with somewhat less than 
67.5 inches of irrigation water. Probably the ash content of wheat 
would not increase above this with increased water. These 
results are significant both to the producer and consumer, for we 
find that the producer sells wheat with 46 per cent more ash, oats 
with 31 per cent more, and barley with 36 per cent more when 
grown with large quantities of water than when grown with small 
quantities. This would be 22 pounds for a 50 bushel crop of 
wheat, 33 pounds for a 100 bushel crop of oats, and 39 pounds for a 
75 bushel crop of barley. This excess all comes from the soil 
and hence would be produced at a higher cost per unit than would 
grains produced with less water in which the ash is low. 

TABLE II 

Percentages and Pounds per Acre of Total Ash Found in Grain of Wheat, Oats, 
and Barley Grown with Varying Quantities of Irrigation Water. 



Wheat 

Oats. 

Barley 





per 

tba per 

per 

lbs 

per 

per 

Ibe 

per 





cent 

acre 

cent 

acre 

cent 

acre 

No irrigation water 


1 561 

35 12 

3 

344 

48 

79 

2 

366 

29 

86 

5 

in. irrigation water 

1 561 

34 17 

3 

524 

65 

67 

2 

329 

32 

03 

10 

u 

it 

ti 

1 568 

35 90 

3 

597 

74 

27 

2 

332 

38 

07 

16 

it 

it 

ti 

1 711 

36 38 

3 

664 

87 

92 

2 

723 

48 

51 

20 

it 

ti 

ii 

2 015 

38 45 

3 

606 

81 

81 

2 

810 

51 

54 

35 

it 

ii 

ti 

2 284 

51 13 

4 

288 

no 

70 

2 

978 

58 

31 

45 

it 

it 

ii 



4 

390 

106 

30 





52 5 

it 

ii 

ii 







3 

228 

59 

98 

67 5 

it 

it 

ii 

2.194 

47.13 










For the feeding of farm animals in which the production of bone 
is considered the irrigated grain would be superior. Whether or 
not watered grain would be more valuable in the bread of man 
would depend upon whether the milling process were leaving the 
same quantities of ash in the watered grain and whether the excess 
of ash were more valuable than the excess of protein in the non- 
irrigated grain. Individuals in need of more ash in the diet 
could well turn to the irrigated grains in preference to the non- 
irrigated, although by so doing they would be getting less protein, 
and conversely where it is desired to restrict the mineral intake 
of an individual the non-irrigated grain should be used. Although 
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larger application of irrigation water in many cases reduced the 
yield, yet in all but one case the total ash removed in the grain 
increased with the water applied. 

The phosphorus content of the various grains is given in 
Table III. 

Wheat, oats, and barley all show a gradual progressive increase 
in phosphorus as the quantity of irrigation water used in their 
production increases up to 35 inches yearly. Above this there is a 
decrease. The increase in the case of wheat amounts to 55 per 
cent, oats 35 per cent, and barley 30 per cent. This means that 
it would require for a 50 bushel crop of wheat 4.9 pounds, a 100 

TABLE III. 

Percentages and Pounds per Acre of Total Phosphorus Found in the Grain of 
Wheatj Oats, and Barley Grown with Varying Quantities of 
Irrigation Water 


Treatment 

Phosphorus 

Wheat 

Oats 

Barley. 



per 

lbs per 

ptr 

lbs per 

per 

lha per 



cent 

acre 

cent 

acre 

cent 

acre 

No irrigation water 

0 2953 

6 64 

0 2793 

4 07 

0 3090 

3 90 

5 in. irrigation water 

0 3011 

6 38;0 2870 

5 84 

0 3024 

4 30 

10 

ti it 

0 3059 

6 38j0 3131 

6 23 

0 3001 

4 70 

15 ** 

it tt 

0 3233 

6 87 

0 3182 

7 51 

0 3158 

5 59 

20 ** 

tt it 

0 3710 

7 08 

0 3400 

7 71 

0 3349 

6 14 

35 “ 

tt tt 

0 4578 

10 24 

0 3782 

9 77 

0 4023 

7 88 

45 “ 

tt ft 



0 3690 

8 94 



52 5‘‘ 

tt tt 





0 3752 

6 97 

67 5‘‘ 

tt tt 

0 4245 

9 12 




1 


bushel crop of oats 2.9 pounds, and a 75 bushel crop of barley 4.2 
pounds more of phosphorus if grown with large quantities of wator 
than if grown with small quantities. Conversely, it means that 
the user of grains obtains these greater quantities of phosphorus 
if he purchases grains grown with these quantities of, water. 
However, this should not be taken to mean that the increase of 
phosphorus has the same nutritive value as the minimum found 
in the grains grown with small quantities of water. The nitrogen 
content varies inversely with the water applied, and the phos- 
phorus content of the grains varies directly with the water* 
Hence, the increased phosphorus content is probably inorganic 
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and not phospho- and nucleoproteins which would be of less value 
to the animal. 

However, this extra phosphorus would not be without value, 
for animals kept on a grain diet grown on irrigated grain would 
probably find the extra quantities sufficient to build strong bones, 
and if fed to milk cows it would probably modify the calcium 
and phosphorus content of the milk (7). This in turn would 
modify the nutritive value and might modify the digestibility of 
the milk. Whether this increase would more than offset the 
value of the extra protein in the wheat remains to be determined. 
It does indicate, however, that the feeder may often use a calcu- 
lated mixed ration of the irrigated and non-irrigated grains, de- 
pending upon whether more ash or more protein is needed in the 
food. 

The total quantity taken from the soil also varies with the quan- 
tity of water used in its production up to 35 inches yearly. Above 
this there is a decrease. Very likely the increase in phosphorus 
content is associated with an increase in the available phosphorus 
of the soil, for as the water content of the soil increases up to a 
certain level there is a proportional increase of the soil micro- 
flora (6) which would increase the quantity of acids. These in 
turn liberate phosphorus from its difficultly soluble form. When 
the optimum moisture (6) is exceeded there is a proportional 
decrease in bacterial acids. This would result in less available 
phosphorus which manifests itself in a gram with a lower phos- 
phorus content. Wheat is modified in phosphorus content to a 
greater extent than cither of the other grains. It also carries 
greater quantities of total phosphorus from the soil under all the 
irrigation treatments than does either oats or barley. 

In Table IV is given the potassium content of these same 
grains. ^ 

The percentages of potassium in the wheat increased pro- 
gressively with the water applied so that by the time it was re- 
ceiving 35 inches of irrigation water it was carrying 35 per cent 
more potassium than was the wheat grown with no irrigation 
water. The ratio of phosphorus to potassium where grown with 
no irrigation water is 1: 1.34. This ratio becomes wider as the 
water used increases to 15 iqches where the ratio is 1 : 1.53. 
Above this it grows narrower, and wheat grown with 67.5 inches 
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of water has a phosphorus-potassium ratio of 1:1.26. There- 
fore, water has a greater influence on the phosphorus content of 
wheat than it has on its potassium content. 

The oats increase in potassium content as the water applied 
increases. Those grown with 45 inches of water contain 31 per 
cent more potassium than those grown without irrigation water. 
The ratio of phosphorus to potassium in the oats is wider than 
in the wheat, and the variation in this ratio is in the same order 
as in the wheat. 

The barley increases in potassium as the irrigation water in- 
creases up to 20 inches. Above this there is a decrease. Water 


TABLE IV. 

Percentages and Pounds per Acre of Total Potassium Found in the Gram 
of Wheaiy Oats, and Barley Grown with Varying Quantities of Irrigation 

Water. 


Potassium 


Treatment 



Wheat 

Oats 

Barley 




per 

lbs 7)cr 

per 

lbs per 

per 

lbs per 




cent 

acre 

cent 

acre 

cent 

acre 

No irrigation water 


0 3965 

8 92 

0 4176 

6 09 

0 3886 

4 90 

5 in 

irrigation water 

0 4137 

8 97 

0 4833 

8 12 

0 4007 

5 47 

10 “ 

n 

u 

0 4395 

9 49 

0 4827 

9 68 

0 4467 

7 22 

15 

u 

u 

0 4915 

10 47 

0 4736 

11 17 

0 4773 

7.24 

20 

(( 

n 

0 4902 

9 35 

0 4741 

10 74 

0 5462 

10 02 

35 “ 

ti 

a 

0 5340 

11 95 

0 5212 

13 46| 

0 5159 

10 10 

45 « 

« 

a 



0 5461 

13 23 



52 5“ 

u 

(t 





0 4443 

8 26 

67 5“ 

tt 

a 

0 5351 

11 50 






increases the potassium in the wheat by 35 per cent, which is less 
than the increase in the phosphorus content of the wheat. The 
oats increase 31 per cent and the barley 14 per cent due to irri- 
gation water. The ratio of phosphorus to potassium in the barley 
is narrower than in the wheat and oats, but follows the same order 
of variation as it does in these grains, thus indicating that the same 
law is operating in all three grains in the uptake of phosphorus 
and potassium and is probably correlated with the available con- 
stituents of the soil. Both are rendered more soluble by an 
increased bacterial activity due to increased water content of the 
soil. 
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The calcium content of the three grains is given in Table V. 

The calcium content of the wheat increases las the irrigation 
water increases. This increase is greatest with small applications 
and is approximately constant for each increase of 5 inches of water 
up to 20 inches. Wheat raised with 67.5 inches of irrigation 
water contains 2.55 times as much calcium as does wheat grown 
with no irrigation water. Such differences as these must, have 
significance in human nutrition, for where the whole grain is used 
the individual would be getting much greater quantities of cal- 
cium. Whether this difference persists — which it probably does — 
in the milled grains remains to be answered. 

TABLE V. 

Percentages and Pounds per Acre of Total Calcium Found in the Gram of 
Wheat, Oats, and Barley Grown with Varying Quantities of 
Irrigation Water. 


Treatment 

Calcium 

Wheat 

Oats 

Barley 



per 

Wb per 

per 

Ihs per 

per 

Ibtt per 



cent 

acre 

ct nt 

acre 

rent 

acre 

No irrigation water 

0 1027 

2 31 

0 1464 

2 14 

0 1066 

2 80 

5 in 

irrigation water 

0 1072 

2 02 

0 1480 

2 88 

0 1029 

2 95 

10 “ 

(( (( 

0 1221 

2 63 

0 1679 

3 54 

0 1034 

3 28 

15 

it n 

0 1051 

3 53 

0 1668 

3 60 

0 1069 

4 19 

20 

It n 

0 1951 

3 78 

0 1783 

4 04 

0 1020 

3 89 

35 

ti u 

0 2106 

4 72 

0 1598 

4 13 

0 1448 

5 90 

45 “ 

it a 



0 1356 

3 28j 



52 5‘‘ 

a it 





0 1502 

5 81 

67 5‘‘ 

u a 

0 2625 

5 64 






There is an increased calcium content in the oats until the 
irrigation water applied reaches 20 inches. With 35 inches and 
above there is a decrease. The barley shows a persistent gain in 
calcium with increased irrigation water. That grown with 52.5 
inches contains 1,41 times as much as that grown without irri- 
gation water. The ratio of the calcium to the phosphorus is 
greatest in the barley and least in the oats. There is a marked 
uniformity between the increase in calcium and of phosphorus 
of the various grains where grown with increased irrigation water 
thus indicating that the increase of these elements is deposited as 
inbrganic. 
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The magnesium content of the various grains is given in 
Table VI. 

The magnesium content of all three grains increases as the 
irrigation water used in their production increases. Wheat 
showed an increase of 32 per cent, oats 65 per cent, and barley 
9 per cent. The ratio of magnesium to phosphorus is quite uni- 
form for the various grains grown with different quantities of 
water. The magnesium-phosphorus ratio in all the samples for 
wheat is 1: 1.91, for oats 1: 1.87, and for barley 1: 1.84. This is 
considerably narrower than is the calcium-phosphorus ratio which 
is as follows: wheat, 1:2.19; oats, 1:2.09; and barley, 1:2.88. 

TABLE VI. 

Percentages and Pounds per Acre of Total Magnesium Found in the Grain of 
Wheat, Oats, and Barley Grown with Varying Quantities of 
Irrigation Water. 


Treatment 

Magnesium 



Wheat 

Oats 

Barley 



per 

cent 

lbs per 
acre 

per 

cent 

lbs per 
acre ^ 

per 

cent 

lbs per 
acre 

No irrigation water 


0 1698 

3 82 

0 1319 

1 92 

0 1794 

2 26 

5 in. irrigation water 

0 1708 

3 54 

0 1639 

2 77 

0 1770 

2 42 

10 

u 

0 1718 

3 65 

0 1742 

3 47 

0 1776 

286 

15 “ 

n 

0 1724 

3 23 

0 1743 

3 91 

0 1863 

2 95 

20 '' '' 

« 

0 1978 

3 77 

0 1721 

3 90 

0 1950 

3 58 

35 

n 

0 2070 

4 64 

0 1949 

5 03 

0 1709 

3 35 

45 

it 



0 2181 

5 28 



52 5“ 

t< 





0 1852 

3 44 

67 5“ 

i( 

0 2236 

4 80 






The calcium-magnesium ratio grows narrower in the wheat and 
wider in the oats and barley as the irrigation water used in their 
production increases. It is narrow in the case of oats (1:1.13), 
wider in the wheat (1:1.17), and still wider in barley (1:1.60). 

Considering the extent to which irrigation water has modified 
the mineral elements in these grains it is easy to see how a ration 
of irrigated cereals would carry sufficient calcium and phosphorus 
if fed to swine to produce strong normal bones, which is not the 
case with corn alone. Moreover, it is possible that the variations 
sometimes obtained by different feeders may be correlated with 
this large variation in ash content of grains grown under different 
conditions of irrigation. 
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Moreover, there may be cases where human individuals are 
living on restricted diets in which the greater quantities of minerals 
contained in the irrigated grains may be sufficient to prevent 
nutritional disorders that may occur where the dry farm grains 
are used. 

It is certain that the results are significant to the dietitian who 
is considering the feeding of the individual with kidney disorders. 
If fed on the irrigated grains the individual may be getting from 
26 to 46 per cent more ash than if fed on the dry farm grains. 
Whether the dry farm grains are more nutritional to the normal 
individual would depend upon the remainder of his diet. If it be 
low in protein the non-irrigated grains would be better, whereas 
if low in ash the irrigated grains would be indicated. 

These results strongly point to the fallacy of overirrigation 
from the standpoint of soil fertility for it is depleting the soil 
in two ways: (a) It washes out the soluble nitrogen which is a 
limiting factor in soil fertility in the arid region and thus produces 
a low protein grain and (6) it causes the grains to take up larger 
quantities of potassium and phosphorus than they otherwise 
would, thus unnecessarily depleting the soil and as a result the 
farmer receives less per unit for each of these essential elements 
which are sold from his farm. 

SUMMAKY. 

Wheat, oats, and barley were found to decrease in nitrogen as 
the irrigation water used in their growth increased. This de- 
crease for wheat was 21 per cent, oats 40 per cent, and barley 
19 per cent. 

The quantity of ash in the grain increased progressively as the 
irrigation water used in its production increased. This increase 
was for wheat 46 per cent, oats 31 per cent, and barley 36 per cent. 

The percentage of phosphorus in these grains increased as the 
water applied increased. The increase was 55 per cent for 
wheat, 35 per cent for oats, and 30 per cent for barley. 

A similar increase occurred in the case of potassium which was 
35 per cent for wheat, 31 per cent for oats, and 14 per cent for 
barley. 

The calcium content increased due to water 155 per cent for 
wheat, 22 per cent for oats, and 41 per cent for barley. 
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The magnesium content increased due to irrigation water 32 
per cent for wheat, 65 per cent for oats, and 9 per cent for barley. 

The ratios of calcium and magnesium to phosphorus indicate 
that the increase in phosphorus is mainly inorganic. 

The authors wish to acknowledge their indebtedness to Profes- 
sor Pittman for placing at their disposal samples of the grains 
and for furnishing data on yields and treatment. 
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BODY FLUID OF THE HONEY BEE LARVA. 


I. OSMOTIC PRESSURE, SPECIFIC GRAVITY, pH, O2 CAPACITY, 
CO2 CAPACITY, AND BUFFER VALUE, AND THEIR CHANGES 
WITH LARVAL ACTIVITY AND METAMORPHOSIS. 

By GEORGE H. BISHOP. 

{From the Physiological Lahoraiorxes, Washington University School of 
Medicine^ St. Louis ) 

(Received for publication, July 20, 1923.) 

Recent work on the blood gases and pH has dealt almost 
exclusively with mammalian blood, which is a highly specialized 
type of body fluid, in that its chief oxygen carrier is confined 
to cells, and the O 2 and CO 2 exchanges affect each other recipro- 
cally and indirectly through the passage of HCl across the cell 
boundary. The bee larval body fluid has no blood pigment or 
oxygen carrier capable of being reduced by ferricyanide, has no 
blood cells comparable to red corpuscles, is not confined to vessels, 
and does not clot, but has a fair buffer value and is rich in pro- 
teins, coagulating readily in weak acid and even in distilled 
water. It has normally a more acid reaction than mammalian 
blood, and a CO 2 tension around 35 to 60 mm. of Hg, both vary- 
ing somewhat with conditions within the hive and with activit 3 ^ 
It comes in direct contact with the tissues, which bound the 
large hemal space, is circulated by a dorsal heart, and comprises 
25 to 30 per cent of the body weight. 

Aside from the general interest of a comparison between a 
more simple body fluid such as this is with mammalian blood, 
the present investigation was undertaken as a further step in 
the study of the metabolism of the insect food storage mechan- 
ism. The larval fat body makes up in the bee so large a pro- 
portion of the total larval mass (65 per cent by weight), that up 
to the transformation to pupa the larval metabolism is predomi- 
nantly the basal metabolism of this tissue plus its growth metabo- 
lism; that is, the metaboUsm of a single tissue is here virtually 
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isolated under natural conditions. The morphology of this 
tissue and the cytology of its cell elements have been dealt with 
previously (Bishop, 1922) and also its r61e in the insect larval 
cycle (Bishop, 1923). For the purpose of this paper it is suflSicient 
to remark that, the larva being totally inactive, except during 
spinning, practically all the nutriment for pupal development 
is stored in the fat body cells and in the blood, the larval organs 
being much reduced; development of pupal tissues does not 
commence until after the larva has stopped feeding, whereupon 
the cells of the fat body break down to furnish nutriment for 
the growth of the mature insect, and in this breakdown elements 
from the nuclei invade the cytoplasm of the cells and apparently 
aid in bringing about the reduction of the cell constituents to 
substances soluble in the blood and available for use in tissue 
growth. The blood may thus be looked upon as the nutrient 
medium for the growth of the fat body tissue during larval life, 
and as the immediate destination of its histolytic debris during 
disintegration of the larval tissue. Since histolysis of tissue 
results in acid production, the buffer action of the blood is signi- 
ficant aside from its particular CO 2 buffering action. Finally, 
during spinning of the cocoon at the beginning of pupation, the 
larva offers a case of muscular activity in a fasting animal, since 
the contents of the stomach are regurgitated. 

A typical cross-section of a larva is reproduced in a previous 
paper (Fig. 1 (Bishop, 1922)). 

Specific Gravity, 

The specific gravity of the blood was determined in a small 
bulb, filling to a line on the capillary neck, and weighing full of 
water and of blood at room temperature. It was assumed that 
blood would have virtually the same coefficient of expansion as 
water within the accuracy required, and no temperature cor- 
rection was made. The mean of three readings, 1.044, 1.048, 
and 1.043 gm., was 1.045 gm. per cc. for worker bee larval blood. 

These determinations were used for measuring samples of 
blood in later experiments, the pipette being weighed full, and 
after delivery. 

Weight gm. 

volume cc. 

Density gm. per cc. 
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Osmotic pressure was determined by the freezing point method 
with a thermopile, one end of which was dipped into freezing 
water, the other into the freezing blood (Fig. 1). Difference of 
potential was read on a potentiometer. The thermopile con- 
sists of ten junctions, five in each solution, of constantan iron 
wire, sealed with wax into a glass U-shaped tube {u). The 
thermal junctions at either end p are arranged around the periph- 



Fig. 1 Freezing point apparatus J size For explanation, see text. 

ery of the bore of the tubing, so that the solution is in contact with 
all of them on all sides. The points are insulated by dipping 
into a hot beeswax-paraffin mixture. The water chamber a 
holds 15 cc., the blood chamber b 0.3 cc.; both consist of short 
glass tubes fastened to a paper cylinder c, sliding up and down 
on a freezing point thermometer t. The whole fits loosely into 
a large test-tube d, dipping into a well insulated ether bath 
through which air is bubbled, regulated by a screw pinch-cock. 



546 


Body Fluid of Honey Bee Larva. I 


The thermopile can be raised or lowered, by a glass rod at- 
tached, and the end of the glass tube enclosiit^ it fits the blood 
chamber snugly as a cover. Mercury in the b^tom of the test- 
tube chamber hastens the cooling. 

In operation, the solutions are cooled in the mercury bath to 
0.5° below freezing point of the blood, then raised above the 
mercury, the thermopile raised, and the surface of the water 
touched with an ice crystal on the end of a glass rod. Freezing 
is indicated by throw of the galvanometer, whereupon the poten- 
tial is adjusted to a null-point. The surface of the blood is then 
touched, when the galvanometer throws the other way, and the 
thermopile is let down to cover the blood again, and the potential 
difference is read. Solutions are agitated by slightly raising 
and lowering the thermopile. The least difference of potential 
gives the value of A. The thermopile was checked and cali- 
brated against known salt solutions, and a similar thermopile 
with longer terminals was read in two water baths. Temperature 
can be read accurately to ±0.002° on 0.2 cc. of blood. 

The osmotic pressure in terms of freezing point lowering of 
water, for larval stages, unsealed, lies at —0.86 to — 0 87°C. 
This seems to increase (lower freezing point) when the larv® are 
spinning, though hardly enough to be outside the variation in 
the different readings. During pupation the osmotic pressure 
decreases, reaching the level —0.80 in 1 or 2 days, and —0.75 
the 3rd or 4th day of pupation. The cause of this cannot be 
determined without further chemical study of the blood. Straus 
(1911) finds a marked decrease in glycogen and fat as pupation 
goes on, but little change in dry weight percentage. The larvse 
at this later stage show much histolytic debris in the blood from 
fat body disintegration, changes in connection with which might 
decrease the osmotic pressure. It is not accurately known what 
is being taken out of the blood by the growing tissues, nor what 
chemical changes disintegration of larval tissues involves. Fur- 
ther investigation of this phase of the work is in progress. 

Blood pH. 

Material was obtained from the larvse without removing from 
the comb^ by tearing down the side of the cell and pricking, when 
a drop oozed from the larva. Two needles soldered to the points 
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of forceps were thrust through the skin and sprung apart. Blood 
was taken up under oil in a small glass bulb with rubber bulb 
attached. A screw clamp on the latter was screwed shut, then 
opened gradually as blood was taken up, and a capillary point 
allowed a slight negative pressure to be maintained in the pipette, 
taking the blood up immediately without drawing air in with it. 

Hydrogen was obtained electrolytically, passed through alka- 
line pyrogallol, then through a solution containing CO 2 in re- 



Fiq 2. Hydrogen electrode for small amounts of fluid, and apparatus for 
obtaining a given concentration of CO 2 in hydrogen J size. For explana- 
tion, see text. 


quired tensions, and finally through a bubbler containing sugar 
solution of the same osmotic pressure as the blood. The washer 
(Fig. 2, A) consists of a spiral coil made of 2 mm. tubing in a 
20 cc. shell phial. The intake passes through a rubber cork to 
the bottom of the phial, at which point the wall of the tubing is 
blown and drawn out into a truncated cone shape. Solution 
entering the aperture here passes with the gases in alternate 
bubbles up through the spiral and out at the surface of" the liquid, 
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and the gases are let off through a second tube with a catch bulb, 
inserted through the cork. These washers are very efficient, 
since each bubble of gas passes slowly through 12 inches of fine 
tubing, preceded and followed by a bubble of solution, which is 
renewed constantly and leaves a film even along the sides of the 
attenuated bubble of gas. 

CO 2 was added to the H 2 as desired by passing streams of 
bubbles of each gas through different parts of the same solution 
of CaCb (Fig. 2, B), CO 2 from a Kipp generator, passing up the 
narrow tube a, forces the salt solution around the system against 
the stream of H 2 bubbles passing up through the wide tube 6, 
which is inclined just enough to make them move slowly, but the 
gases are not in contact except through the solution. The amount 
of CO 2 taken up by the H 2 depends chiefly on the concentration 
of CaCb and slightly on the rate of flow of gases, e.g. saturated 
CaCb gives about 1.5 per cent, half saturated 7.5 per cent, and 
the apparatus delivers constant proportions over long periods 
with constant rate of flow. 

The hydrogen generator (Fig. 3) consists of a wide mouthed 
500 cc. bottle A fitted with a wired-in rubber cork, through which 
passes a lead to the cathode c, a gas outlet to stop-cock d, a large 
bore stand-pipe containing the anode a, and a small glass tube 
bj leading from the bottom of the solution of 10 per cent NaOH 
and connecting by a rubber tube to a levelling bottle B, The 
latter is hung upon a coiled wire flexible spring, so adjusted that 
when H 2 accumulates in the generator and forces caustic solution 
over into the levelling bottle, the pressure does not increase 
appreciably, because the bottle lowers, due to added weight of 
caustic, enough to keep the difference in levels of the solution 
constant. As the bottle changes level, it runs a sliding contact g 
attached to it along a rheostat between 20 volts and zero, auto- 
matically regulating the rate of gas evolution. Iron electrodes 
are used, and the current is 110 volts d. c., only a part of which is 
led off by a potentiometer set up to the generator and regulator 
sliding contact. 

A small electrode chamber was made from a four-way stop- 
cock whose arms had a bore of about 4 mm. (Fig. 2, C). A small 
enlargement was blown in one arm 1 cc. from the attachment to 
the cock, and a T-arm fused into the lower side of this bulb e. 
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The opposite arm g serves as a KCl bridge to the calomel elec- 
trode, one side arm / leading in H2, the other h emptying the 
chamber without removal of the electrode. The latter, a short 
coil of platinum wire fused into a glass tube snugly fitting the 
chamber, is held in position by a split section of rubber tubing, 
fitting loosely enough into the flaring top of the chamber to 



Fig. 3. Electrolytic hydrogen generator with regulating mechanism. 
J size. For explanation, see text. 

allow escape of hydrogen (at k), j is an overflow and sampling 
tube. . 

In operation, the chamber is thoroughly gassed with the elec- 
trode in place, and solution added through the side tube which is 
scaled by oil following blood from the pipette. The electrode 
is then lowered into the solution until its glass shoulder drops 
below the edge of the bulb. Two or three bubbles of hydrogen 
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with approximately the same tension of COs as the blood are 
then allowed to flow and lodge against this shoulder, in contact 
with the electrode, only the point of which touches the body of 
the solution. When more bubbles of gas are added for a second 
reading, the first are pushed past the electrode, and burst as 
they expand in the bulb. Using pure hydrogen on the one 
hand, and then hydrogen with considerably higher CO 2 tension 
than the blood, on different samples of the same blood, it is 
found that the difference in pH readings at equilibrium is not 
more than 0.04 pH, indicating that the loss or gain of CO 2 by 
the blood in contact with enough hydrogen to give a reading is 
very little, and is even less when the hydrogen used has approxi- 
mately the tension of the blood to start with. Equilibrium once 
obtained is maintained for half an hour to within a millivolt 
(0.02 pH), indicating that the chamber, though not sealed at 
the top, protects the electrode and the solution in immediate 
contact with it effectively. Readings can be made on con- 
siderably less than 0.2 cc. of blood, though that was the amount 
usually used. 

The rest of the apparatus is the conventional gas chain, Leeds 
and Northrup potentiometer, Weston standard cell, and high sen- 
sitivity galvanometer. Electrode were checked against a 
known buffer between readings, the buffer being checked with 
phenol red indicator by the drop ratio method, using Gillespie^s 
tables for the pH intervals of the drop ratios, by which the buffer 
electrometric readings checked with the indicator readings as 
closely as the latter could be read. The normal calomel cell 
was checked against five other saturated calomel cells, which 
agreed with each other to within 0.2 millivolt, and the standard 
cell against a U. S. Government certified standard. Readings 
were made to the nearest millivolt (0.02 pH), which is reasonably 
within the accuracy of the other operations involved. The 
readings were made at room temperature, 24-25°; though the 
normal larval temperature is 33-34°, the data required in most of 
the experiments called only for comparative readings, and here 
the correction is not important. It has been figured approxi- 
mately in a later section. 

Potentiometer readings were converted into pH by the formula 

jj ^ ^ observed + E barometric correction ~ E calomel cell (0.283 n) 
” 0.00019837t ' " ' 
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Since in taking large samples of blood (1 cc.) for CO 2 deter- 
minations the latter part of the sample came from larvae which 
had been exposed to the air outside the hive for some time and 
probably had lost some CO 2 , a number of small samples (0.2 
to 0.3 cc.) were taken rapidly and the pH was measured directly. 
The average of these nine readings gave pH 6.83, ranging from 
6.77 to 6.93. The higher values came from larvae scattered in 
the comb, the lower from larvae in combs where all the cells 
were filled, and the difference was apparently due to hive condi- 
tions and lower tension of CO 2 in the larvae when adjacent cells 
of the comb were not occupied. 

Several samples were equilibrated in the electrode chamber 
with pure H 2 for ^ to 1 hour, and the values of pH with practi- 
cally all the CO 2 blown off rose to from 7.3 to 7.4. Further 
patssage of H 2 through the chamber then resulted in no return of 
acidity after a maximum pH, indicating that during the time 
required for these and subsequent experiments no appreciable 
degree of autolysis or acid production took place in the blood. 
Other data from autolysis of blood tn vitro (unpublished) also 
indicate that acid production in blood at neutrality is very slow. 
These data also give a value for the rising phase of CO 2 absorp- 
tion curves from zero, as plotted on the blood chart (see below). 

Oxygen Capacity. 

Oxygen determinations were made on samples for CO 2 con- 
tent with the Van Slyke apparatus and technique, until it was 
demonstrated that the oxygen present was not appreciably 
more than would be physically dissolved. In blood from quies- 
cent larvae, before spinning of cocoons, the O 2 measured averaged 
0.5 to 0.8 volume per cent. A sample equilibrated with air 
and CO 2 at blood tension was analyzed for O 2 by Dr. Doisy and 
found to contain 0.7 volume per cent, which is probably within 
the experimental error of the amount physically dissolved. 
Larvae that were spinning ran consistently lower than this, often 
having so little oxygen that its detection was uncertain; certainly 
as low as 0.2 volume per cent. The oxygen tension in the hive 
air is never normally below 15 per cent, but the spinning larvae 
are sealed over with a wax cover, which, though porous, must slow 
diffusion, and the marked increase of CO 2 is evidence that con- 
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siderable work is done in spinning, and data (unpublished) from 
respiratoiy calorimeter experiments indicate that at this time 
the oxygen consumption increases. The increased consumption 
and decreased diffusion rate should explain the low values for 
spinning larvse. 

Muttkowski (1921) finds in a number of aquatic insects copper 
in amounts proportional to that in the blood of crustaceans, 
which are known to contain hemocyanin. He also mentions 
finding copper in bees and other insects, and in plants, but does 
not state the amounts. Certain chironomid larvae are known 
to contain hemoglobin. The oenocyte cells of insects, which 
develop numerously at or before pupation and disappear as 
pupation proceeds, have been connected with the oxygen metabo- 
lism, but the data are not conclusive. If copper in bee larvae 
enters into a respiratory compound, its amount would seem to 
be very slight. 


CO 2 Capacity and Exchange, 

Method and Calculation of Experimental Error — CO 2 content 
of the blood was determined both on samples as taken and on 
samples equilibrated with different tensions of CO 2 Since no 
oxygen carrier was present the effect of oxygon unsaturation 
need not be considered, but as a precaution t\^o samples were 
equilibrated with air and CO 2 , and agreed both in pH and in 
carbonate content with samples equilibrated with H 2 and CO 2 
within the limits of accuracy of the experiments This gives a 
second line of evidence that no Oo carrier is present. 

The method employed was as follows: About 1 cc. of blood 
was drawn in a pipette under oil, and on 0 2 cc. the pH was de- 
termined electrometrically. Half of the remainder was equili- 
brated with a known tension of CO 2 by bubbling H 2 (or air) plus 
CO 2 through it in a narrow test-tube for 20 to 30 minutes at 
room temperature, 25°. Results showed later that this did not 
bring about equilibrium with tensions that were considerably 
lower than the initial blood tension. The rest of the sample 
was used for a CO 2 determination in a Van Slyke apparatus by 
the usual technique, with the corrections of Van Slyke and Stadie 
(1921). The equilibrated sample was again divided, a minimal 
amount being used for a final pH determination, and the rest 
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for CO 2 . Samples were done in pairs; taken as nearly as possible 
under the same conditions, and equilibrated, one to a high ten- 
sion, and one to a lower tension than that of the blood as drawn. 
One complete set of determinations gave two points on a curve 
for which CO2 tension, CO2 content, and pH were measured, and 
two points for which pH and content alone were measured. 
The determination of CO2 as drawn on the second sample was 
omitted in some cases, giving only three points, but a larger 
sample of blood to equilibrate. The points plotted were: pH 
as measured and total volume per cent CO2 on a chart, the pH 
vectors of which were calculated for pKi = 6.1, the combined CO2 
ordinates for the pH points being increased by the amount of 
dissolved H2CO3 corresponding. 

From twelve determinations of total CO2, pH, and CO2 tension 
obtained, an attempt was made to calculate Hasselbalch^s con- 
stant pKi as a check on the determinations in general, and for 
the drawing of the pH vectors of the chart. Warburg (1922) has 
found that this factor varies with temperature, salt concentra- 
tion, and possibly with sugar concentration, and the high osmotic 
pressure of this blood renders its value problematical. Since 
in these computations the tension as measured on the low ten- 
sion experiments was undoubtedly too low% this would make 
the constant as calculated from these experiments too low. The 
data were, therefore, divided into two groups, the six with the 
lowest tension in one group, and the slx with highest in the other. 
From the formula, 


pH = pKi -f log 


NaHGOa 

'H2CO3 


but 


and 


pKi = pH - log NaHCOj + log H2CO3 


Volume per cent H2CO1 = 


760 


lOOa 


NaHCOs = total CO2 lOOa 

760 


w^here a is the absorption coefficient of the larval blood at 25° 
and is unknown. It can be approximated as follows: 
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Relative absorption coefficient of 
human blood serum, as ** 0 975 (Bohr’s value) 

Solubility coefficient of CO 2 in water 
at 25®, a HsO = 0 76 

Solubility coefficient (approximate) 
of bee blood at 25® = 0 975 X 0 76 = 0 74 «= a* 


The combined CO 2 calculated with this value gives very little 
error in pH or pKi, but the same error in the dissolved CO 2 in 


the denominator of 


NaHCOs 


would have a greater effect, since 


H2CO3 

log H2CO3 changes more rapidly than log NaHCOs with change 
of a. This factor a can then be put into a new constant pK,, 
where 


pH = pKi -f log NaHCOs + log 760 — log p — log lOOa-r 
whence, 

pKx == pKi 4* log 760 — log lOOofjr 

= pH — log vol per cent NaHCOs -h log p ram Hg 

and the value pK^; should be more constant than pKi if there is 
an error in 

The first group of data (low CO 2 tension) gives a value of pK^ 
of 6.99 with a mean variation of 0.10. The second group gives 
a value of 7.08, with a mean variation of 0.04. Assuming the 
value of 0.74 again for pKi = pK^ — 1.01, giving values of 
5.98 and 6.07, approximately. The last figure is certainly the 
more nearly correct, and in drawing the charts the value 6.1 
was made use of. The curve near 0 CO 2 tension was made 
asymptotic to pH 7.4, in accordance with pH measurements on 
blood equilibrated with pure hydrogen, as noted in a previous 
section. 

Points connected by straight dotted lines represent one set 
of data. Circles represent the locus or range of values of un- 
sealed larvae, spinning larvae, and pupae, respectively. 

Finally in interpreting these values, account should be taken 
of the fact that the blood was equilibrated and the pH measured 
at 25^ instead of at 34°, the larval temperature. This affects the 
value of a and of the dissociation factor in pKi, and hence the 
combined and dissolved CO 2 and p, and thence pH. The signi- 
ficant differences, however, are small, while the relative values 
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for larvflB at different stages and conditions are not altered. An 
approximate correction may be arrived at by a consideration of 
the Hasselbalch equation. 

Assuming a certain value of the Na ion and CO 2 tension, equili- 
brium between the HCO 3 ion and other ions competing for sodium 
should shift but little with change in temperature, and the com- 
bined NaHCOa should be practically constant at constant CO 2 
tension. However, the three states, combined CO 2 , dissolved 
CO 2 , and tension CO 2 , remain in equilibrium, and a rise in i will 
reduce the quantity of dissolved CO 2 , increasing the combined 
CO 2 by the amount of the reduction, and the tension propor- 
tionally. Assuming the solution to contain the same quantity 
of total CO 2 at two temperatures, there will be little error in 
, , . combined CO 2 . 

assuming that the ratio is constant. However, 

lOOp 

i.e, the dissolved CO 2 , will change with change in a, and the 


ratio 


combined CO2 
dissolved CO2 


will increase with increase in i by a factor 


ati * 


Warburg (1922), working with bicarbonate solutions at 18 


and 38°, found that pKi varied with the temperature by a value of 
— 0.007^, a decrease of about 0.15 for a 20° rise, due to change in 
the dissociation constant of H2CO3. For the conditions of the 
experiments considered in this paper, pKi^, = pKi^, — 0.065, and 

025 " = 034 " X - 1-26 or log = 0.10. 


pHj&o pKi -I log 


(N aHCOa) 250 

(H2COj)25«> 


pHj 4 « « pKi ~ 0 065 + log 


(NaHCQ»)2^» 

(11*005)26® 


4 - 0.10 


whence, 

PH 540 w pHaio 4- 0.035, or pHj, =» pH*, + log — 0.007i 

OCi^ 

This value is probably within the experimental error of these 
experiments, but is a systematic one, and should, therefore, be 
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added to all the pH values.^ The total CO 2 values have no cor- 
rection, and the tension should be higher than the values on the 
chart by a value proportional to the increase in combined CO 2 
with t; i.e., 

combined CO 2 ^,0 total CO* — dissolved CO 2 ^,0 

ps 4 o combined CO 2 total CO 2 — dissolved CO 2 

The ratio of the combined CO 2 to the dissolved for this blood at 
25° is about 5 to 1, so that the ratio 


and 


Combined CO 2 . 6 — 0 79 5 21 66 

at 34 = = = — 

Dissolved CO 2 0 79 0 79 1 


P250 


5 

5 21' 


P34° — P 26 ® X 1.04 


The correction for CO 2 tension would, therefore, appear to be 
insignificant compared with the variations in tension that occur 
under natural conditions. 


1 Hasselbalch (1917) calculated in bicarbonate solutions at 18 and 38° 
that the pH increased 0 12 with 20° increase of temperature, if the CO 2 ten- 
sion was constant Heused—0 10 as the correction for 20° for pKi, or —0 005 
per degree. In blood serum as reckoned from his curves, there was an 
increase of 0 10 pH for 20° rise, but no appreciable change m the pH of whole 
blood, the hemoglobin presumably compensating for the change expected 
by a change in the dissociation constant of oxyhemoglobin. Taking 
Warburg’s correction of —0.15 pKi instead of —0 10, the change in serum 
would be about —0 07 pH for 20°, or —0 0035 per degree, in this temperature 
range. This would give a value of about —0 0315 for 9° for bicarbonate or 
serum from 25-34°, which is about the middle of the range Since a does 


not var> constantly with the temperature, the correction for 


NaHCO, 

H 2 CO 3 


at 


higher temperatures would be less than at lower Taking into account that 


p would rise at higher temperature with rise in combined CO 2 if the total 


CO 2 were constant, a slightly larger value than this for increase of pH in 
blood without cells would be obtained, computed on the basis of total COj 


at the higher temperature Barach, Means, and Woodwell (1922), m making 


corrections for pH with change of temperature in whole blood, not only took 
too large values for change in a (assuming a varied constantly with change 
in temperature, and that its curve was a straight line), but also ignored the 
the correction necessary for pKi, which almost completely compensates for 
this change in a at higher temperatures in serum, and they did not consider 
at all the change in the dissociation of oxyhemoglobin that apparently 
compensates for the rest of the change in a. 
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Absorption Curves {Fig. 4 )> — Curve I is drawn from two sets 
of data; it consists of four readings from two samples of blood, 
one of each as drawn, and one of each equilibrated, and of three 
readings from another pair of samples, one as drawn and two 
equilibrated. The middle points represent the blood as drawn. 



Fig 4 CO 2 absorption curves for blood of larva) and pup® of the honey 
bee. Normal range for pH and total CO 2 indicated by large circles. Fur- 
ther explanation in text. 


Measured pH and total CO 2 were plotted as described heretofore. 
It represents average normal values. 

Curve II consists of three readings from two samples from 
larvee that were sealed over and spinning cocoons, but other- 
wise under the same conditions as Curve 1. The middle value 
is of blood as drawn, the other two equilibrated. Two other 
points are plotted for low tensions from another set of^amples. 
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The change from a condition as in Curve I to that of Curve II 
is a continuous one, though rapid, and these curves represent 
the extremes. 

At Curve III have been plotted values from pup© which were 
quiescent, after spinning. At this stage equilibration with CO 2 
cannot be brought about satisfactorily, because the blood con- 
tains large amounts of autolyzing cell debris, which rapidly pro- 
duce acid upon removal. The values represent determinations 
on blood as drawn. 

CO 2 Content of Blood as Drawn , — Taking all values of blood 
as drawn from full grown bee larvse, the range of ten samples 
is from 26.1 to 34.6 volumes per cent, with two other samples, 
22.4 and 24.7 from larvae in an outside comb of the hive, with 
relatively few larvae scattered in the cells. The average is 29.2 
volumes per cent. Taking alj values for larv© sealed in the cells 
during the spinning of the cocoons, five samples, the average is 
23.3, ranging from 21.6 to 24.9 volumes per cent, with one other 
sample which was from larvae that had just been sealed in, and 
which had a value of 26.2 volumes per cent. The values for 
pup© lie around 15 volumes per cent of CO 2 , but at this stage con- 
stituents have been added to the blood from histolyzing tissues. 
The pH as measured for this stage indicates, however, that the 
combining power of this mixture of blood and tissue debris is not 
very different from that of the larv© that are spinning. 

With three exceptions, all the larv© were drones or male larv©, 
which are larger than the worker or female, and yield more blood 
per larva. The three determinations on worker larv© showed 
no significant differences from those on drones. About thirty 
larv© were required for 1 cc. of blood, which took about half 
an hour to obtain, and in all about 35 cc. of blood were worked 
up in these experiments. Variations in the values obtained for 
measured CO 2 are only partly to be assigned to experimental 
error of the apparatus, the use of small samples, and loss of CO 2 
in drawing the blood (though the second sample, drawn an hour 
or two after the first from the same material, generally read from 
1 to 3 volumes per cent lower) ; a real difference in values may be 
due to the fact that the distribution of larv© in the comb allowed 
different diffusion rates between the blood and hive air (see 
below). 
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CO 2 Tension in the Hive Air , — The CO 2 tension in the bee hive 
is low, and is maintained remarkably constant. Data from April 
and May, 1922 and 1923, show variations of from 0.41 to 0,56 per 
cent (3.1 to 4.2 mm. Hg). If the entrance to a hive is closed, 
distress is soon evidenced by loud humming, and upon opening 
again, the bees rush out and cling to the side of the hive, fanning 
their wings violently. If a small colony, i.e. one with few bees, 
is closed in this way, the disturbance follows, if at all, only after 
considerable time. If the entrance is kept closed in hot weather, 
the bees move about violently inside the hive, raising the tem- 
perature by their activity until the death of the colony may 
result. Bees also become excited due to confinement with wire 
screen over the entrance, but the symptoms of distress are not 
nearly so pronounced, nor is the behavior so characteristic on 
their release. After partial smothering they are little inclined 
to sting, while after simple confinement their annoyance is evi- 
denced by a more vindictive temper. The ventilation after con- 
finement Ls perhaps partly for the purpose of cooling the cluster, 
but seems to be also for the purpose of lowering the CO 2 tension. 

Readings of CO 2 tension were taken on a hive of bees on a 
bright day. May 4, with many bees flying, temperature 20°C. 
outside. The hive was then opened, three frames, adjacent to 
the tube from which the air was drawn, were removed, then the 
frames were replaced and the hive was closed, and a further series 
of readings taken. The tube through which samples were with- 
drawn penetrated to the middle of the cluster, between two 
frames of unsealed larvse. Fig. 5 gives the values of CO 2 tension 
in the hive for the next hour and a quarter. 

The rise in CO 2 in evidence, as soon as the first reading could 
be made, was obviously due to increased activity due to the dis- 
turbance. The increased ventilation, which in this case may 
have been for the purpose of warming the hive, or for the re- 
moval of CO 2 , reduced the CO 2 after nearly an hour to slightly 
below the initial value, after which it rose to the customary level. 

This experiment indicates that the changes in the hive tension 
due to removal of larvae for blood were not great enough to 
have any appreciable effect on the blood tension of the larvae 
after they were returned to the hive, though the increased venti- 
lation inside the hive itself may have resulted in a more efficient 
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removal of gases from their immediate vicinity. This might 
account for the lower tension in the second samples of blood, 
since this increased ventilation appears to last for an hour or 
so. The larvse also presumably lose CO2 while out of the hive, 
and do not reach their former level for some time after returning. 
Lowering of metabolism due to lowering of temperature may 
also affect the CO2 content, since the room temperature in which 
the larvae were worked on was below the hive temperature. 



Fig. 5. Fluctuation in CO 2 tension in bee hive, due to disturbance. 
Explanation in text. 


A more significant factor, however, in determining the CO2 
in a given sample is the distribution of the larvae in the combs. 
When every cell of a given area has a larva in it, both sides of 
the frame, the respiratory gatses can escape only from the outer 
surface, since all other surfaces are adjacent to other larvae. 
When, however, only scattering cells have lai^vae in them, CO2 
may diffuse through the wax partitions and escape from the 
empty cells. This hypothesis checks with the findings on CO2 
content. 

CO2 Production per Gm. of Weight.— 'Csilonmeiry experiments 
on larvae and pupae of various stages (unpublished data) indicate 
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a marked increase of CO2 given off and also of O2 utilized during 
the spinning of the cocoon, followed during metamorphosis by a 
decrease to below the larval level, until, when the insect quickens 
before emerging, the CO2 increases again. Respiratory quo- 
tients for the pupal stage (also determined by Krogh and co- 
workers) fall remarkably low (0.65), implying a consumption of 
oxygen greater than sufficient to burn fat during pupation, or a 
lower CO2 production than would be expected from the basal 
metabolism. The CO2 production curve must be corrected to 
represent the true basal metabolism, though it gives a rough 
measure of it. For instance, during spinning the CO2 tension 
of the blood increases, but its content decreases, giving an ab- 
normally high CO2 output. Acid produced by muscular activity 
apparently appropriates some of the alkali reserve of the blood. 
During spinning the larva ceases to receive food (largely car- 
bohydrate) from the intestine, and commences to utilize its 
stored food reserves, in which fat is a major element, changing 
the CO2 output for the same activity. The magnitude of these 
corrections cannot be determined without more work on the fat- 
carbohydrate metabolism, which is now in progress. The in- 
crease in CO2, however, still seems to be a real one, due to mus- 
cular activity added to the basal activity of the quiescent larva 
or pupa, and the result is to accentuate the increase of blood CO2 
tension which would be brought about by sealing the larva over 
in the cell. 

Three factors may thus be inferred to increase the blood CO2 
tension; decreased capacity due to products of muscular activity, 
decreased diffusion rate due to the wax cover, and increased CO2 
production. The combined result is an increased acidity at a 
time when the change from a carbohydrate to a fat diet might 
be inferred to predispose the larva to a further acidosis, especially 
under the reduced oxygen tension which the analyses show. Acido- 
sis from a high fat diet, from muscular activity, and from high 
CO2 tension would thus tend to reinforce each other and furnish 
in the blood at the beginning of metamorphosis the condition 
most suitable for the autolysis of larval tissues. As has been 
shown elsewhere (Bishop, 1922), this autolysis, common to all 
insects, is in the bee larva an extremely rapid one, and sets in 
very abruptly after or even during spinning. 
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Changes in CO 2 and pH in Metamorphosis. 

From the smoothed curves of equilibrated blood, and from 
the data on CO 2 contained in larval blood as drawn, and the pH 
as measured, the normal values of pH, total carbonate, and CO 2 
tension may be assigned to larval blood as follows: 

For mature larvse before metamorphosis, total CO 2 , 25 to 30 
volumes per cent; tension CO 2 in blood, 40 to 55 mm. of Hg; and 
pH 6.75 to 6.85. When but little brood is present in the combs, 
the CO 2 may be reduced to the lower values, but the normal for 
vigorous condition of the colony is around 28 mm., pH 6.8. 

For larvse that have been sealed in their cells and are spinning 
cocoons, the total CO 2 is lower, 22 to 25 volumes per cent, the 
tension in the blood 50 to 60 mm of Hg, and the pH 6.60 to 6.65. 
Since the CO 2 production of this stage is increased, as evidenced 
by high tension and increased output, the difference in combining 
power must result from the increase m the products of activity; 
i.e.j muscular work in spinning. 

For pupse, while no absorption curves have been plotted, 
for the reason given above, the values of total C ()2 and pH indicate 
that such a curve would he as low as that for the spinning larvae. 
Since here CO 2 production has decreased again, the low combin- 
ing power must result from further products of metabolism other 
than muscular activity, possibly autolysis of larval tissues. In 
the mean time, the total CO 2 contained has decreased from the 
amount in the blood of the larvae that are spinning, due to de- 
creased CO 2 production with quiescence of the pupa. This, 
with decreased combining power, indicates decreased tension of 
CO 2 . The result is that the pH is allowc^d to rise slightly in spite 
of the acid production inferred from low combining power, al- 
most to the initial larval figure. From here on the reaction of 
the body fluid must be a balance determined by the rate of autol- 
ysis of larval tissues and the rate of synthesis of the pupal tissues, 
which are disposing by their metabolism of the products of larval 
tissue autolysis; the whole tending to reach and maintain an 
equilibrium depending on the buffer action of the blood. 

The question arises whether this cycle throws any light on the 
causative mechanism of metamorphosis, or in general, of histo- 
genesis and development. The imaginal insect tissues develop 
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only after the larva has grown, but from elements present through- 
out larval life. Could a slight change in pH, due to a change in 
the carbohydrate-fat metabolism and accentuated by increased 
CO2 tension, be one of the direct causative factors in stimulating 
development of these dormant tissue elements? Or does it 
only operate, through encouraging autolysis, to furnish nutriment 
for these growing tissues? The objection must be met that one 
set of tissues does develop to larval maturity under one set of 
circumstances, while the other does not. The cytology of the 
autolyzing cells indicates an elaborate internal mechanism which, 
however activated at the beginning of metamorphosis, proceeds 
further in a more or less predetermined manner. Also some in- 
sects, i.e wax worms and blow fly larvse, live, as larvae, on a 
high fat diet, though the possible carbohydrate and protein con- 
tent of such a diet has not received proper attention. At pres- 
ent the data are far from conclusive either way. 

It may be reasoned that if in a body fluid of a given reaction, 
one set of tissues histolyzes while another set develops, either 
the tissues must differ fundamentally in their demands, i,e. in 
their metabolism, and that ^^protoplasm^’ is itself capable of metab- 
olizing at different reactions, or else that cells have the capacity 
of maintaining their own ‘‘protoplasmic’' pH against that of 
the environment, i.e the body fluid, and are more or less inde- 
pendent of slight changes in reaction. The reaction of the 
medium then might lie a determining factor in the exchange of 
materials between cell and medium; that is, might affect the 
direction or end-point or rate of a system tending toward equilib- 
rium, without affecting markedly the reaction of the cell itself. 
Further, embryonic tissue may differ m this respect from tissues, 
even growing tissues, that are fully differentiated. Certainly 
the early embryo in an egg before complete differentiation lacks 
the excretory mechanisms for disposing of waste that a more 
developed organism has, and would appear to react differently 
to the accumulated products of breakdown of the material it 
feeds upon, which generally contains considerable lipoid and fat. 

Metamorphosis and concomitant larval histolysis or autoljrsis 
take place prematurely in many insects, including the bee 
larva, if the food supply is cut off, a smaller but perfect insect 
being developed. The cessation of nutriment would, therefore, 
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seem to be one of the causative factors of the insect's reverting 
to what is essentially a second embryonic stage. In the bee 
larva metamorphosis comes on more abruptly and proceeds more 
rapidly than in most insects. The factors in the metabolism 
of the bee larva that may be correlated with this abruptness of 
transformation are those which would increase acidosis and 
autolysis; relatively high temperature, high CO 2 tension, low CO 2 
capacity, reduced oxygen tension, change from a diet rich in 
carbohydrate to one rich in fat, confinement in a wax cell which 
hinders respiratory exchange, and muscular activity in spinning 
that is relatively violent for an insect with this larva's muscular 
development. It is suggested that change in the metabolic 
equilibrium, whatever the ultimate cause, is the immediate cause 
of tissue autolysis in this case, and the secondary factors tending 
to bring about a more acid pH are contributing causes that ac- 
celerate the process in those insects where and to the extent that 
they obtain. The relation of these events to the initiation of 
development of the pupal tissues cannot be inferred from the 
data at present available. 


SUMMARY. 

1. Specific gravity of mature larvae of worker honey bees is 
1.045. 

2. The osmotic pressure of worker larval blood in terms of 
freezing point lowering gives a value of -~0.86°C., and the osmotic 
pressure decreases during pupation. 

3. The pH of larval blood (measured at 25°) is near 6.8, vary- 
ing with conditions in the hive. 

4. The oxygen capacity of larval blood is within a reasonable 
error the amount that could be physically dissolved, and no evi- 
dence of a chemical carrier is found. The content decreases 
during spinning, when the larva is enclosed in a cocoon, because 
diffusion is cut down while consumption increases. 

5. CO 2 absorption curves indicate that the blood (of drone 
larvae) decreases in CO 2 capacity and content during spinning 
of the cocoon, but the tension of CO 2 increases, and the H ion 
concentration increases, giving evidence of loss of alkali reserve 
through the production of acid other than CO 2 . After spinning, 
pupal blood shows a decrease of CO 2 tension and content, with 
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little change in capacity, allowing the pH to return to approxi- 
mately the initial level. 

6 . Variation in CO2 tension and, therefore, in CO2 content 
and pH of blood from larvae in the same stage may be assigned 
to variable distribution of larvae in the cells of the comb, affecting 
diffusion of respiratory gases; but not appreciably to variation 
in the tension of CO2 in the air of the hive, which is maintained 
at a low and constant level. 

7 . The acidosis that occurs during spinning appears to be one 
of several factors present that should encourage autolytic changes 
in a tissue. Such changes do, in fact; take place in the bee 
larva. High • concentration of the H ion may, therefore, be 
assigned as a contributing cause to the rapid metamorphosis 
of this insect. 
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changes in the pH and total acid content at the beginning of 
pupation in the bee larva, producing a condition favorable to 
autolysis. The CO2 tension rises and the buffer value and pH 
fall as the larva is enclosed in its cocoon, due to muscular activity 
of spinning and to decrease in diffusion rate of respiratory gases. 
In the present paper is undertaken an investigation of autolysis 
in vitro of the larval and pupal tissues of the honey bee, in an 
attempt to determine whether autolysis in vivo may be assigned 
to changes in acidity, to changes in enzyme content, or to ces- 
sation of food supply and demands for nutriment on the part 
of the pupal tissues, or whether the cytological development of 
the fat body cells predetermines some such change more or less 
independently of the above conditions, as the elaborate and 
complicated cell phenomena might imply. 

Technical Procedure, 

Both fat and protein autolyses were attempted. The material 
was prepared as follows: 

To obtain the fat body tissue free from other constituents, 
the larvae were placed under water on filter paper, and the heads 
were cut off and the blood was allowed to escape. Into the cut 
•end of the larva the point of the scissors was inserted, and the 
larva pulled onto it with forceps, and slit along the mid-dorsal 
line, the scissor point following the hemal space between the in- 
testine and the heart. The contraction of the muscles of the 
body wall drew the larva open. The cut anterior end of the 
intestine was then seized with fine forceps, and torn carefully 
from the underlying fat body back as far as the hind intestine. 
This was seized, and cut at its posterior end; by carefully lifting, 
the malpighian tubules could then be drawn from among the 
fat cells. On either side of the body, embedded in the fat tissue, 
but not completely covered by it, the convoluted spinning glands 
extend from the head nearly to the posterior end of the larva. 
By careful manipulation these could be lifted out intact by seiz- 
ing them near the posterior end. The laminated lobes of fat 
tissue then projected from the body wall up into the water, and 
could be washed reasonably clear of blood by a gentle stream of 
water from a pipette. The remaining mass was laid open side 
downward on the filter paper in the bottom of the pan. 
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When a sufficient number had been thus prepared (10 to 50), 
the filter paper was gently lifted out and drained by placing on a 
pile of filter paper under a watch crystal. The drained tissue 
was scraped into a watch crystal of Iqiown weight, and the weight 
of the tissue determined. It was then well shaken with water 
in a test-tube, strained through two thicknesses of fine cheese- 
cloth, into a graduate, the residual body tissues were shaken 
again with more water and strained as before into the first lot. 
The tissue which did not pass the cheese-cloth was again dried 
loosely on a filter paper, and weighed, and the weight of the 
tissue carried by the water determined. The graduate was 
filled to a quantity which was a known multiple of the weight 
of the tissue, giving a solution of the desired concentration; 
and an excess of toluene was added, the whole poured into a narrow 
mouthed flask and autolyzed at 40°C From the bottle samples 
were drawn as desired, diluted, neutralized to phcnolphthalein, 
treated with freshly neutralized formaldehyde, and titrated for 
amino-acids with 0.02 n alkali from a burette. Burettes were 
selected whose tips produced even sized drops, regularly timed, 
and the number of drops required to neutralize the material 
of the test was taken as a measure of acidity. Knowing th4 
drops per cc. at a given rate of flow — -the burette was left running 
during the titrations, at the rate of about 2 drops per second — ■ 
the acidity may be computed from this record. 

Tissues from larvse and pupae of different ages were tested, 
but chief reliance is put upon those experiments involving larvae 
which had attained nearly full size but were still eating and were 
about to be sealed over, and pupae which had straightened out 
in the cells and whose heads were just forming. In the former 
the fat body was large, and easily separated from the other 
tissues, but the nuclei of the cells were still intact. In the latter, 
the cells contained the later stages in the formation of albumi- 
noid globules, and were about ready to break loose into the 
blood stream. From still later stages of pupae it was difficult 
to free the tissues from blood and other cellular elements of the 
developing pupa, and the yield of tissue was less, and the exact 
amount of fat body tissue uncertain. In early larval stages 
it was difficult to separate the fat body tissue from the other 
tissues. 
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Protein Autolysis, 

To determine roughly what tissues would autolyze most readily, 
and to what relative extent, preparations were made of the fat 
body tissue alone, of blood alone, of fat body and its accom- 
panying blood, of the residual body tissues left after separating 
out the fat body material, and of testis. It is impossible, with- 
out elaborate analyses and dry weight determinations of these 
tissues, to reduce all the solutions to a common dilution; the 
residual tissues, for instance, certainly contain considerable 
chitm which is inert, and the water content of blood and fat 
body is different. These relative determinations are, therefore, 
approximate. 

To reduce the autolysis curves to comparable terms, they 
were plotted with the time m days as ordinates, and as abscissae, 
the ratio of the volume of alkali neutralized to the dry weight 
of the sample, i.e , the amino-acid per gm. of dry tissue. That 
IS, they were plotted as if all runs were of the same dilution 
For comparison, certain curves were also plotted with abscissae 
figured as ratios of amino-acid to cubic centimeters of autolysis 
solution. 

Data. — Fig. 1 shows certain of these curves, those numbered 
1' to Q', and 7 and 8 plotted in terms of autolysis per cc. of solu- 
tion, those numbered 1 to 6, in terms of autolysis per gm. of 
dry weight in these solutions. Curves 1 and 2, 3 and 4, and 5 
and 6 show autolyses, the first and second members of each 
pair of which contained tissues from pupae and from larvae, re- 
spectively, taken just before spinning and just after metamor- 
phosis to pupae. Each of these pairs of solutions was treated 
alike and tested at the same time. Of these. Nos. 1 to 4 were of 
worker pupae and larvae, 5 and 6 of drone. Curves 3 and 4 show 
corrections for marked differences in dilution, indicating that 
variations in water content did not affect the results materially. 
Curve 7 shows autolysis of the residual body tissues strained 
out of that used for Nos. 5 and 6, and Curve 8 is of testis material 
from drone pupae with testes in almost fully developed condition. 
For their interpretation the data in Table I are pertinent. 

Discussion . — It may be stated in the first place that the fat 
body tissues autolyze readily; that the residual body tissues 
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autolyze but little, and the testes practically none. Tissues 
autolyzed with and without the accompanying blood, and diluted 
by the same factor of weight, autolyzed at approximately the 
same rate and to the same relative extent. Blood alone auto- 
lyzed but slightly. As for the residual body tissues, what little 



Fig 1. Unbuffered autolyses of bee larval and pupal tissues. Abscissse 
represent protein autolyses, ordinates, time in days. Curves 1' to 6', and 
7 and 8, autolysis per cc. of solution; Nos. 1 to 6, autolysis per gm. of dry 
weight. Further explanation in text. 
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autolysis occurred may probably be assigned predominantly to 
the fat tissue which could not be perfectly separated out from 
them, for considerable of their bulk was chitin which must be 
considered inert; and the other body tissues must, therefore, 
autolyze but slightly. It is safe to conclude that for the body 
tissues the curve is exaggerated. In the testis the amount of 
autolysis was within the limits of experimental error; the changes 
in level recorded representing in this case a variation between 
6 and 4 drops of 0.02 n alkali (or 0.044 cc.) in 1 cc. of solution. 


TABLE I. 

Data on Fat Body Tissue Employed in Autolysis. 



1 Pup® 

1 LarvsB. 

Weights, each average* (worker), gm 

0 135-0 140 

0 140-0 150 

Average fat body tissue 

0 08 

0 07 

blood 


0 04 


* The fact that more tissue can be obtained from pupie than from the 
larva) of greater weight is not an indication of a greater amount of tissue in 
the pupa). Not all the cells can be shaken free from the tissues of either 
stage, but the larval tissues adhere to the other structures more firmly. 
The fat body probably comprises 60 per cent by wet weight of the whole 
larva, the blood 25 to 30 per cent. The amount of blood in the pupae is 
more difficult to determine when the tissues tend to disintegrate, as blood is 
drawn, but it seems to become considerably less in amount as pupation goes 
on, the emerging insect having relatively little The large amount of blood 
in the larvsd comprises a water reserve for pupation. 

Since each curve represents the autolysis of tissues taken 
from a number of different larvse or pupse (10 to 50), the tissue 
may be considered to average fairly uniformly for the different 
autolyses, and the individual differences usual in autolyses of 
the same organs from different animals may be ignored. In 
each of the pairs of larval and pupal tissues figured, and in others 
not shown, the difference in extent of autolysis is in the same 
direction; the tissues from the pupse autolyze more rapidly and 
more completely than those from the larvse; and the difference 
in each case is more pronounced than the irregularity of the 
curves or the probable error of the experiments. 



573 


G. H. Bishop 

Protein Autolysis at Controlled pH. 

The previous series of experiments gives little evidence as 
to the cause of the difference in autolyses of larval and pupal 
tissues. The acidity of the mixtures was not determined quan- 
titatively, though it was observed that they became increasingly 
acid in rough proportion to the degree of protein autolysis. To 
determine the effect of the reaction on the autolytic process the 
following procedure was adopted. 

Tissues were dissected out as above, from worker larvse, but 
on a dry watch crystal instead of under water. Since the body 
tissues other than fat body showed slight' autolysis, in these experi- 
ments only the intestines were removed, the blood was left in, 
and the other tissues were strained out through four thicknesses 
of fine cheese-cloth, after shaking with solution. Eleven larvae 
yielded approximately the same total N by this technique as 
ten pupae, the pupal fat body tissues being more easily freed 
from the supporting structures, and these were the numbers 
utilized. One set of larval and pupal tissues was diluted 7 to 1 
with a buffer mixture obtained by titrating 2 per cent phos- 
phoric acid with powdered calcium carbonate to a pH of 6.8 
(the normal pH of larval blood), with phenol red as indicator. 
This solution contained an excess of precipitated salts, and 
maintained a fairly constant indicator color in the autolytic 
mixture for 2 weeks. Another similar set of larval and pupal 
tissues was diluted with a buffer mixture of 2.5 per cent glacial 
acetic acid in water, titrated to a pH of 5.0 with powdered cal- 
cium carbonate. These mixtures were so acid that increase of 
acid due to autolysis would be insignificant. Toluene was added 
to exrcess. Samples of 1 cc. were taken at intervals, the first 
one about 20 minutes after the beginning of dissection, which 
was the time occupied by preparation of the samples. On these 
four samples (one larval and one pupal tissue each, of autolyses 
at 6.8 and 5.0), total nitrogens and non-protein nitrogens were 
determined by the micro method of Folin and Wu (1919) for 
blood. One-eighth of each 1 cc. sample diluted was used for 
total N, and on 2 cc. fractions of the 10 cc. tungstate filtrates 
from the remaining seven-eighths, duplicate non-protein N deter- 
minations were made, a total of twelve determinations for each 
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set of tests. With lafger amounts of nitrogen per sample than 
the above the salts of the buffers used clouded the solutions, and 
the fat present caused considerable foaming, while, the prolonged 
boiling, which was necessary, produced a heavy deposit of silicates 
in the digestion tubes . The solutions were nesslerized directly with- 
out distilling, in volumetric flasks, centrifuged, and read against a 
known standard in a Bausch and Lomb colorimeter. Success 
with this technique was only attained by using very small frac- 
tions of the autolysate sample for digestion. Duplicates ran 
usually within 5 per cent of each other, and the average was taken, 
unless a wider discrepancy was shown, when a third sample 
was run. Points plotted are for values of non-protein nitrogen 
over total nitrogen, per cc. of solution. 


Data , — Curves of autolysis at controlled pH are given in Fig. 2. 


Ordinates are 


Non-protein N 
Total N 


per 1 cc. sample of autolysate. 


abscissje time in days. The total N per cc. was almost exactly 
1 mg., or 8 mg. in the blood and fat body from eleven larvae or 
ten pupae. The ordinates represent, therefore, approximately the 
non-protein N per cc. of solution. The curve for larval tissue 
at pH 6.8 is represented by circles, for the corresponding pupal 
tissue by crosses, for larvae at pH 5.0 by erect crosses, and for 
pupae at 5.0 by triangles. The third set of readings appears to 
be uniformly too low, though the duplicate samples checked 
satisfactorily. This may have been the result of a slight cloud 
in the standard, and the discrepancy was not detected at the 
time. In the more alkaline samples the fat separated out and 
stuck to the side of the flask, occasioning some doubt as to the 
exact amount of N in the samples. The same error should be 
present in both sets, and is much less than the difference be- 
tween these curves and the acid ones. In the latter, the fat 
appeared to be hydrolyzed to fatty acid, and while it separated 
out, it did not stick to the side of the flask. 

It is evident that the curves run approximately parallel, those 
for the more acid autolysis running higher from the start than 
the others. The difference between the autolysis of larval and 
pupal tissues at pH 5.0 is well within the experimental error, 
and the curves may be considered identical. The autolyses at 
pH 6.8 start identically, but the larval tissues after the 3rd day 
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appear to fall below the pupal at this reaction by a value greater 
than a reasonable experimental error. There may have been 
a difference of a few tenths of one pH between these mixtures, 
for the finer shades of color from the indicator were obscured by 
the solids in the autolysate. The difference in autolysis here is 
considerably less than that generally observed in the former 
series of unbuffered mixtures, but it is in the same direction. 
Considerable excess of carbonate was present at pH 6.8, and 
unequal loss of CO 2 may have caused this difference. The con- 



Fig. 2 Autolyses of larval and pupal tissues at controlled pH O repre- 
sents larval tissue at pH 6 8, x, pupal tissue at pH 6 8,+, larval tissue at 
pH 5.0, and A, pupal tissue at pH 5 0. Further explanation in text 

dition of the fat in these mixtures also caused difficulty in ob- 
taining fair samples for analysis, as mentioned elsewhere. This 
shows in greater irregularity of the curves at pH 6.8 than at 5.0. 

The most significant feature of these experiments is the initial 
rise in the non-protein N of the acid autolyses, which took place 
during the first few minutes after adding the buffer mixtures to 
the tissues, before the samples could be precipitated. This is 
undoubtedly due to acidity, since it occurs in both larval and 
pupal tissues, and in both sets of autolyses these tissues differ 
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from one another but slightly at the start. All the curves may, 
therefore, be considered to have risen from a common level, 
almost perpendicularly, for the first few minutes. The final 
levels of the curves are for the more alkaline autolyses about 
twice, for the more acid about two and a half times the initial 
non-protein N values, and represent autolysis of 40 and 50 per 
cent, respectively, of the total protein present, assuming practi- 
cally all the nitrogen to be in the form of protein and its chemical 
fragments. Any purine derivatives present are further assumed 
to be in the same amounts in larvae and pupae, and to be present 
in relatively insignificant amounts. 

Discussion, — Ttj£5se latter experiments afford an interpretation 
of the former series, and indirectly, of the processes occurring 
in the living organism. The following conclusions seem justifi- 
able. 

First, the differences in the rate and extent of autolysis of 
tissue from different stages, m vitroj are due to differences in 
acidity of the autolysate. When tissues are diluted with pure 
water, the buffering action of the mixture is lowered, and a slight 
excess of acidity in one tissue or the other would accelerate its 
rate of autolysis. Since at the same conditions of total acid 
and pH the two stages autolyze practically identically, with the 
same initial and subsequent amounts of amino nitrogen, a dif- 
ference of rate in two non-buffered autolysates is presumptive 
evidence at least of a difference in effective acidity m the tissues 
to begin with. 

Second, there is no appreciable difference in either the total 
protein present in the tissue of these different stages, nor in the 
fraction of the total nitrogen existing as ammo-acids. The 
fact that eleven larvae are required to furnish the same amount of 
total nitrogen as ten pupae may be assigned to the circumstance 
that in the larvae the cells of the fat body adhere more tenaciously 
to the body tissues that arc strained out, as pointed out above 
(see foot-note to Table I). At the pupal stage investigated no 
great growth of pupal tissues had taken place to absorb material 
from the larval histolysis. 

Third, the greater acidity that appears to be present in pupal 
tissues is not due to amino-acids. These would not affect the 
reaction materially anyway, except to determine possibly an 
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equlibrium end-point with the unhydrolyzed proteins, etc., at 
a given reaction. The acidity affecting autolysis in non-buffered 
solutions results from metabolic activity of the organisms before 
making up the solutions. As has been shown elsewhere (Bishop, 
1923), the blood of pupse has a lower alkali reserve than that of 
larvae, though the pH is about the same, due to lower CO 2 values 
in the pupae. If acid were liberated (such as lactic or phosphoric) 
from activity during cocoon spinning, this would affect unbuffered 
solutions of tissue materially, while the CO 2 would tend to pass 
off during autolysis, leaving the pupal tissues, with little CO 2 
and much other acid, more acid than the larval, with much CO 2 
and little other acid. Titration of tissue mixtures to neutrality 
preparatory to the Sorensen titration of amino-acids after add- 
ing formaldehyde indicated that the pupal tissue autolysates did 
produce more titratable non-amino-acids than the larval. 

Finally, the abrupt and extensive initial rise in non-protein N 
in the acid autolysates may be assigned to the presence of a 
large amount of free acid which can combine with proteins at 
the existing pH to furnish a large initial amount of substratum 
for the action of autolytic enzymes. The autolysis of proteins 
(Bradley, 1922, a) takes place by two stages, the first consisting 
of the hydrolysis of the protein molecule in an acid medium at an 
optimum pH of 4 to 5, by one enzyme, the ‘^primary tissue pro- 
tease,” followed by further splitting by another enzyme, erep- 
tase, into amino-acids. The second part of the process takes 
place readily at either acid or alkaline reaction. 

Further (Bradley, 1922, 6), the H ion concentration deter- 
mines the rate of the initial cleavage, but the total amount of 
amino-acids formed, i.e, the final level of the curve, will be 
determined by the total amount of acid present which can com- 
bine with the proteins at a given reaction. If this first concept 
is correct, since in all these solutions there must have been an 
excess of total acid, the lower level of the curves of the less acid 
autolysates must also have been due to the difference in H ion 
concentration, seemingly contrary to the second concept. This 
might be explained on the assumption either that the end-point 
of the final equilibrium between hydrolyzed proteoses, etc., and 
amino-acids, depended on the reaction, which is improbable, 
since the ereptase should dispose of protein fragments at either 
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reaction; or else that certain of the proteins were not hydrolyzed 
at all at the less acid reaction, being still on the alkaline side of 
their isoelectric points, and not, therefore, availi^ble as substrate 
for autolysis. If the latter is the case, the question arises: How 
does the living organism dispose entirely of the products of cellular 
disintegration at this pH? But this is perhaps applying the 
autolysis theory more literally to vital phenomena than the 
present knowledge of either warrants. 

Once the initial rise is attained, the autolyses at pH 5.0 and 
6.8, for both larvae and pupae, go on at virtually the same rate, 
giving parallel curves. There seems to be no present reason 
for assigning differences in proteolytic enzyme content of the 
larval and pupal tissues as a cause for the differences in autol- 
ysis. 

Further light may be thrown on this process by consideration 
of the substances precipitated from these solutions by tungstic 
acid. Hiller and Van Slyke (1922) have shown that the tung- 
state filtrate from blood contains practically all the amirio-acids 
present, but that Witte peptones are largely thrown down. 
Assuming that the products of ^^primary tissue protease^^ hydrol- 
ysis are precipitated with the proteins, the autolysis figures give 
a measure directly of the splitting of these fragments to amino- 
acids by the ereptase present, but this is, of course, conditioned 
by the amount of hydrolyzed proteins produced by the primary 
enzyme. Therefore, since ereptase works at the reaction of 
either set of experiments, the difference in results due to the 
reaction may be assigned primarily to the primary hydrolysis. 
This would indicate that the regulating mechanism of autolysis is 
here the reaction controlling the primary cleavage, and one may 
infer that the equilibrium between protein and its first cleavage 
products is the point at which autolyses of the proteins is regu- 
lated both in mtro and in vivo; an hypothesis in accord with 
Bradley's statement. The sudden rise in the curves at the more 
acid reaction, and the subsequent nearly parallel course of all 
the curves, might be taken to indicate that the primary cleavage 
is a very rapid process in these tissues, while the secondary amino- 
acid production proceeds more slowly to an equilibrium level 
less dependent on the reaction. That is, each curve may really 
be resolved into two curves, the character of the first part of 
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the summed effect being determined chiefly by the primary 
hydrolysis of such proteins as will hydrolyze at the given reaction, 
and that of the latter part being determined chiefly by the rate 
of amino-acid production from the split protein products. 

It may be inferred from these experiments that in the bee 
larva at commencement of pupation protein autolysis follows 
the increased acid content of the tissues, which is due chiefly to 
enclosure in a cocoon and the activity of spinning. Acidity may 
not be the only causative factor. The elaborate and orderly 
cytological changes taking place, which are not merely degenera- 
tive changes, may be connected with the autolytic process, but 
apparently do not alter the status of the proteolytic enzymes 
present. The nuclear granules that develop into the so called 
^‘albuminoid globules’^ in the cytoplasm, in particular, are prob- 
ably concerned with fat metabolism, rather than with protein 
hydrolysis as generally assumed, especially since at this stage 
unsaturation of fat may be demonstrated in them by treatment 
with osmium tetroxide (Bishop, 1922). The degree and rate of 
autolysis that takes place in the living organism may be looked 
upon as resulting from a balance between total acidity, ferment 
action at the existing reaction, and utilization by growing tissues 
or other metabolic disposal of the end-products. Just why the 
reaction is maintained constant instead of running to the acid 
side as in autolysis in vitro it is impossible to state, but apparently 
the acids produced are disposed of as fast as formed, thus holding 
back the autolytic process to the rate demanded by the needs of 
the animal. 


Lipolysis in Protein Autolysis Mixtures. 

An attempt was made, on the first series of unbuffered autol- 
yses, to determine the activity of lipase under these autolytic 
conditions. 1 cc. samples of the solutions were dried on filter 
paper over CaCb to constant weight, extracted with petroleum 
ether, and the extract was titrated to first change of polor of 
phenolphthalein with 0.01 n alcoholic NaOH. The end-point 
was not sharp, due to gradual saponification of the fat by the 
alkali added. There were probably other acids such as hydroxy 
acids present. The fats separated out of the emulsion and col- 
lected on the sides of the flasks, making uniform sampling diflB- 
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cult. While a technique was finally developed, giving results 
on duplicate samples of known acid within 5 per cent on amounts 
as small as those in the samples utilized, the data on the actual 
determinations of fatty acid content were very erratic, and the 
method is not accurate enough to give satisfactory results. No 
differences could be determined by this technique between fatty 
acid produced in autolysates of larval and pupal tissues, though 
there was an increase demonstrable in the fatty acid titration 
in both as autolysis proceeded, but less in proportion to the total 
initial fatty acid than the concomitant increase in amino-acid. 
As large a difference as that which occurred in the protein autol- 
yses would have been detected by this technique, unsatisfactory 
as it was. Further, the pupal tissue contained the same amounts 
of total ether extract as the larval, per gm. of dry weight of tissue, 
within the limits of experimental error of this series of experi- 
ments. This indicates that the disappearance of fats from globu- 
lar form in the cytoplasm of the cells at the beginning of pupa- 
tion may be a physical rather than a chemical process. Again, 
however, it should be emphasized that the later stage of pupal 
tissue utilized did not show complete disintegration of the fat 
body cells, but only an advanced stage of intracellular reorgani- 
zation, and that the pupal tissue had not at this stage grown to 
any significant bulk to use up these materials. 

When the results of fat autolysis were found not to be con- 
clusive, the less specific test of the reaction of lipolytic enzymes 
on ethyl butyrate was made. The same stages of larval and 
pupal tissues were employed as above. Weighed amounts of the 
tissues were diluted to a common factor of wet weight, and each 
solution was divided into six equal parts, to four of which were 
added equal amounts of freshly neutralized ethyl butyrate. 
One sample containing ethyl butyrate and one blank were titrated 
immediately; the others after 15, 15, and 30 minute intervals, in 
an incubator at 40‘^C., and the second blank with the last. Tlfe 
reaction had reached a maximum at the end of an hour. 

The results of these experiments show a positive action of 
tissue enzymes on ethyl butyrate, but the ester-splitting action 
of the different stages of tissue was not appreciably different. 
Assuming that the lipolytic enzymes present in the tissues affect 
ethyl butyrate in the same degree that they do the native fats 
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and lipoids of the tissue, a change in the effectiveness of the 
lipases of the cell, or in the end-point of their reaction, from the 
larval stage to the pupal, has not been demonstrated. 

It appears from these experiments that the cell changes in 
the fat body during pupation do not result primarily in an in- 
crease of fatty acid due to lipase, though the latter is present in 
both stages. This does not mean that lipase is not active in the 
cells in removing the fat from the cytoplasmic fat globules. In 
whatever manner the fat is finally metabolized, it is probably 
first hydrolyzed and saponified. Oxidation of fats has been 
found to involve, in the forms studied, 'the so called unsaturation 
of the fatty acid with the subsequent oxidation of the two ter- 
minal C atoms to CO 2 , and the formation of a molecule of fatty 
acid with two less C atoms in the chain. This may be considered 
tentatively to be taking place in these cells, the function of the 
lipase being then to maintain a supply of fatty acid hydrolyzed 
from globular fat. ‘ The so called ^'albuminoid globules^^ develop- 
ing in these cells, whose development in the bee is initiated by 
nuclear material, and to whose subsequent enlargement all the 
materials of the cjrtoplasm contribute, must be the locus of this 
oxidative process if it is going on in thege cells at all. A difference 
in the physical and chemical constants of the fat present in the 
two stages, larval and pupal, might be expected as a result. 
This aspect of the cell metabolism is being further investigated. 

I am indebted to Dr. H. C. Bradley of the University of Wis- 
consin School of Medicine for suggestions as to the conduct of 
this work on autolysis. 


SUMMARY. 

This paper consists of an attempt to analyze the histolytic 
changes of metamorphosis in the bee larva in vivo by means of 
autolytic digestion experiments on certain of its tissues in vitro, 

1. In unbuffered dilute solutions, the larval and pupal fat 
body tissues autolyze readily, the pupal in general to a greater 
degree than the larval. Other tissues autolyze distinctly less. 

2. When the autolysis mixtures are buffered, the degree of 
protein autolysis depends on the pH of the autolysate of both 
larval and pupal tissues. The more acid mixtures autolyze 
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more completely, but the time to maximum is about the same as 
in the less acid mixtures. 

3. In unbuffered mixtures, loss of CO 2 may be a variable factor 
which, by allowing acidity to vary, causes differences in pH. In 
buffered solutions, at optimum autolytic pH, no evidence is ob- 
tained of differences in the activity of proteol 3 d;ic enzymes in 
larval and pupal tissues. 

4. Differences in acidity apparently affect the initial cleavage 
of proteins in these autolyses, and this is the point at which histol- 
ysis of proteins may be regulated in the living organism, since 
the pH and acid content have been shown to vary with condi- 
tions of metamorphosis in accordance with such an hypothesis. 

5. Hydrolysis of ethyl butyrate by tissue enzymes gives no 
evidence of differences in the lipase activity of larval and pupal 
tissues. 
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Influence of a Scorbutic Diet on Teeth. 

It is well known from previous work that the antiscorbutic vita- 
min seems to be concerned in the calcium deposition in the organ- 
ism. We know from the fundamental experiments on scurvy by 
Holst and Frolich (1) that, in guinea pigs fed on a scorbutic diet, 
marked changes occurred in the whole bony system with great 
fragility of the long bones, A faulty calcium metabolism must 
evidently be the underlying cause. These excellent experiments 
performed about 17 years ago have been verified by other investi- 
gators. As a result of these experiments several other investigators 
became interested in the question : Whether or not a lack or insuf- 
ficiency of the antiscorbutic vitamin in the diet would have any 
influence on the formation and the maintenance of the teeth. In 
other words, whether or not the dental caries had any relation to 
the antiscorbutic vitamin. Dental caries has until recently been 
considered more or less a result of local processes in the mouth, 
the general metabolism not being regarded as playing any impor- 
tant part in the process of tooth decay. The earliest authors have 
looked upon the tooth as a fixed part of the body undergoing no 
change during different pathological processes in the general organ- 
ism In other words, the tooth has been regarded more or less as 
a dead substance. 

There is, however, no reason to believe that the tooth should be 
any exception from other parts of the organism where an active 
metabolism is going on. Among the authors who have studied 
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this question are Zilva and Wells (2), Robb and collaborators (3), 
and particularly Howe (4). They have all studied the influence 
of the antiscorbutic vitamin on teeth. The two former have found 
definite histological changes in the pulp and dentin from animals 
on a diet deficient in the antiscorbutic vitamin. Dr. Howe has 
investigated this question very thoroughly with experiments both 
on guinea pigs and monkeys, and has found definite macroscopical 
changes in the teeth, which seem to be identical with the human 
dental caries. 

During 1921 and 1922 I had the opportunity to carry out some 
histological studies on the teeth from these guinea pigs, fed on a 
scorbutic diet. These studies showed plainly that histological 
changes had taken place on such a diet mainly in the same way as 
described by Zilva and Wells and Robb. The normal orthodentin 
was largly substituted by osteodentin. Such dentin is normally 
found closing the pulp chamber towards the cutting edge as the 
tooth is worn (guinea pig teeth have a persistent pulp and thus are 
constantly growing), but in a far less amount than in the teeth 
from scorbutic guinea pigs. In these guinea pigs the osteodentin — 
incorporating degenerated odontoblasts — reaches far down toward 
the apex of the tooth, and there is only a very narrow space of 
orthodentin surrounding it. The pulp tissue is so degenerated 
that one 'can scarcely recognize any of its normal elements. In the 
more severe cases there is nothing at all left of the proper pulp 
tissue, only some degenerated odontoblasts which might be seen 
scattered around. In many cases there seems to have been a fatty 
degeneration. 

The process begins with hemorrhages in the upper part of the 
pulp and it extends down towards the apex. 

The same process of degeneration in more or less degree, accord- 
ing to the length of time the animal has been on the diet, has been 
found in all the 200 sections made. The dentin seems to be more 
affected than the enamel. No sections have yet been made of the 
carious molars. 

The salivary glands from guinea pigs (and from two monkeys), 
fed on the scorbutic diet, have also been studied, but as yet in only 
a few cases, and definite conclusions, therefore, cannot be drawn 
as to the difference in the glands between normal and scorbutic 
animals. It is safe, however, to say that some degenerative proc- 
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esses are going on. The glands are very much atrophied in size 
and the nuclei in the cells are partly destroyed. But not to such 
a degree as McCarrison (5) has found in other glands from scor- 
butic-fed guinea pigs and monkeys. (McCarrison did not make 
sections of the salivary glands, but compared the weights and found 
them to have decreased.) 

If the tooth forms a living changeable part of the body as other 
organs do, contrary to the earlier idea, we should expect to find 
chemical changes going on in the tooth during metabolism dis- 
turbances, as for instance in scurvy. Bahrdt and Edelstein (6) 
found marked changes in the bones of 'scorbutic infants; that is, 
a marked decrease in the total ash, calcium, and phosphorus con- 
tent. Chemical analyses of teeth from scurvy have not yet been 
performed, so far as I know. 

My chemical analyses have been performed on front teeth from 
fifteen scorbutic guinea pigs and from four normal guinea pigs 
(fed, three on a mixed diet, and one on a control diet). 

The scorbutic diet was as follows: 


Soy bean 

50 

Rolled oats to 

100 

Dried whole milk 

10 

Yeast 

4 

Butter 

5 

Agar 

3 

Calcium carbonate 

1 

Sodium chloride 

1 


The control diet used was the above mentioned diet with added 
orange juice. 

In some of the teeth only calcium has been determined, in others 
calcium, magnesium, and total ash. Just the visible part of the 
front tooth was taken and dried for 20 hours at 100°C., cooled in a 
desiccator, and weighed. Then the tooth was ashed in a platinum 
crucible, brought to a constant weight, and the ash recorded. 
The ash was dissolved in approximately 0.5 n HCl and calcium and 
magnesium were estimated according to the method of Tisdall and 
Kramer (7). Table I represents the amount of ash, CaO, and 
Mg of front teeth from normal guinea pigs. Table II represents 
the findings from scorbutic guinea pigs. Table III represents the 
average figures from Tables I and 11. This table shows that a 
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reduction in the amount of ash and CaO, and an increase in the 
amount of magnesium, have been foui J in the teeth from scorbu- 
tic animals compared with normal animals. 

The reduction in ash and calcium is not so pronounced as we 
would expect to find it compared with the histological findings 
mentioned and the macroscopical picture. This must be due to 
the fact that the pulp chamber is partly filled up by a pathological 
calcification, as the sections show. Such pathological deposits 
of calcium are often found following a degeneration of organic 
matter, and in the scorbutic guinea pigs and monkeys there have 
been found such deposits in many places in the body in nearly 
every case. 

The reduction m ash and calcium and the increase in magnesium 
are greatest where the diet has been deficient in calcium as 


TABLE I 

Normal Guinea Pigs. 


Guinea 

Sr'S 

Diet 

Ash of dry tooth 

CaO 
of dry 
tooth 

CaO 
of ash 

Mk of dry 
tooth 

Mk of 
ash 



per cent 

per cent 

per cent 

per cent 

per cent 

a 

Mixed food 

Ash not recorded 

38 10 


1 41 


b 

Control 

a it a 

40 04 


1 09 


c 

Mixed food. 

78 61 

38 38 

48 82 

1 57 

2 00 

d 

<< it 

78 55 

38 20 

48 63 

1 16 

1 48 

Average 

78 58 

38 68 

48 72 

i 1 31 

1 74 


well as in vitamin C. As we see the magnesium content has 
increased to more than double in scorbutic guinea pigs, and as a 
rule a decrease in calcium content corresponds to an increase in 
the magnesium content. 

This substitution of calcium by magnesium must be regarded 
as Nature^s attempt to keep up the amount of salts in the teeth 
when she is in need of or unable to utilize the calcium. But it 
is a pathological process and must in this respect be classified under 
the term osteomalacia, where there usually is found an increase in 
magnesium and a decrease in the calcium of the bones (Ham- 
marsten (8)). Besides the change in the organic matter the 
high magnesium content may account for the very brittle con- 
dition of the teeth in scorbutic-fed guinea pigs. 
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Thus we see that a diet deficient in the antiscorbutic vitamin 
is able to produce both histological and chemical changes in guinea 
pig teeth. We have, however, to remember that a guinea pig 


TABLE II 


Guinea 

Pie 

No 

Diet 

Ash of 
dry tooth 

CaO of 
dry 
tooth 

CaO 
of ash 

Mg of dry 
tooth 

Mg of 
ash 



per cent 

per cent 

per cent 

per cent 

per cent 

10 

Scorbutic. 

Ash not re- 

33 44 


Mg not esti- 




corded 



mated 


15 

u 

it it 

33 30 


U it 


18 

u 

it a 

37 08 


a it 


14 

it 

a it 

35 11 


it it 


2 

it 

it a 

35 80 


2 86 


17 

it 

it it 

35 45 


2 95 


35 

it 

a it 

36 15 


2 15 


33 

it 

it it 

36 63 


2 24 


16 

ti 

77 09 

37 74 

48 95 

2 43 

3 81 

19 

it 

77 25 

35 41 

45 83 

2 48 

3 21 

15 

1 « 

77 35 

35 95 

45 79 

2 32 

2 99 

23 

plus 

Ca-deficient. 

73 05 

34 36 

47 18 

2 86 

3 91 

24 

a it 

63 81 

33 93 

53 11 

3 96 

5 14 

25 

a it 

69 79 

30 22 

43 30 

4 53 

6 50 

44 

Scorbutic, some 

77 98 

36 39 

46 38 

1 80 

2 30 


orange juice 


i 




Average 

73 76 

35 06 

47 08 

2 78 

3 98 


TABLE III 



Ash of 
dry 
tooth 

CaO of 
dry 

tooth 1 

CaO 

of ash 1 

Mg of dry 
tooth. 

Mg of 
ash 


per cent 

per cent 

per cent 

per cent 

per cent 

Average of normal 

78 58 

38 68 

48 72 

1 31 

1 74 

‘‘ scorbutic 

73 76 

35 06 

47 08 

2 78 

3 98 

Reduction from normal, per 






cent 

6 00 

9 00 

3 4 



Increase above normal, per 






cent 




112 00 

1 130 00 


tooth is a constantly growing one and it may be that the organism, 
when fed on a diet deficient in the antiscorbutic vitamin, is not 
able to form a tooth of normal composition. In this way our 
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original question may still be open for discussion: Whether or 
not an already formed tooth can undergo changes during a faulty 
diet and thus predispose to tooth decay. Animals with not 
constantly growing teeth have to be studied in order to settle 
this very important question. The best animals for this purpose 
would, of course, be monkeys and as mentioned above Dr. Howe 
has been able to produce caries4ike defects in their teeth on a 
scorbutic diet. Monkeys are, however, expensive animals and are 
difSc ult to keep under laboratory conditions. 

Influence of a Calcium-Deficient Diet on Teeth and Bones during 

Pregnancy. 

As we have seen earlier in this paper, the macroscopical defects 
and the histological and the chemical changes in the teeth were 
most pronounced when the diet was deficient both in antiscorbutic 
vitamin and in calcium. There is a period in the mammaPs life 
when the organism is in great need of calcium. This is during 
pregnancy. During this time we know that the calcium in the 
food must cover not only the requirements of the mother’s own 
organism but also that of the growing fetus. An animal on an 
unrestricted diet will instinctively take the food needed whereas 
the adult human being, who in a certain way has lost her instinct 
very often during this period, is in lack of several food elements 
particularly some of the salts, such as calcium. Sherman (9) says 
that the diet is probably more deficient in calcium than in any other 
food element. The diet should contain at least 0.67 gm. of cal- 
cium per day per man (70 kilos). He has found that 50 per cent 
of American diets contain less than this. 

It is a well known fact that the pregnancy period for many 
women is a very harmful one as far as the teeth are concerned. 
The old saying, ^Dne tooth for each child,” is certainly true even 
now for a large class of women both in America and Europe. 
The question is, to what is this due? 

In accordance with earlier authors, this extreme tooth decay 
may be due partly to lack of oral hygiene, partly to a change in the 
hydrogen ion concentration of the blood towards the acid side 
(Peterson (10) and others). 

It seems quite reasonable to assume that the rapid disintegra- 
tion of the teeth during pregnancy is a consequence of the more 
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or less faulty diet during this period. The changes in the teeth 
which Hoffstrom (11) has characterized as physiological seem rather 
to point in the direction of direct pathological processes going on in 
the mother^s organism caused by an insufficient diet. If an insuf- 
ficiency is present in the food during pregnancy, the growing fetus 
is trying to take what it needs, while the old organism will suffer 
first. 

In order to ventilate the two following questions some experi- 
ments on pregnant rats were started. (1) Is it possible to pro- 
duce chemical changes in an already formed outgrown tooth by 
metabolic disturbances caused by a change in the diet? (2) Is 
the destruction of teeth during pregnancy due to a faulty diet with 
special reference to a calcium deficiency? 

The white rat was chosen as the experimental animal as its 
molar teeth have a closed pulp chamber, and thus do not grow 
after their formation. The teeth mentioned come in every respect 
very near to the human molars. The rat is, furthennore, a rapidly 
growing animal, and it 3 pregnancy period is only 21 days. The 
diet these rats were given was that of Osborne and Mendel (12) 
and consisted of: Whole wheat 92 per cent, butter 5 per cent, 
and salt mixture, except for the calcium, 3 per cent.^ Six female 
rats and two male rats were kept on this diet. Two female rats 
were kept on a control diet, which was the same as above only 
with the addition of the calcium to the salt mixture (0.66 per cent 
CaCOa). 


* Salt mixture: 

CaCOs 
MgCOs 
NaaCOs . 

K2CO3 

H,P04 

HCl . . 

H2SO4 

Citric acid plus H2O 
Fe citrate + IJ H2O 

KI 

MnS04 

NaF . ...’ 

K 2 AI 2 (S 04)4 


134 8 
. 24 2 
. 34 2 

141 3 
103 2 
53 4 
9 2 
111 1 
. 6 34 
. . 0 020 

0 079 

0 248 

0 0245 
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The whole wheat was ground in the laboratory mill and the other 
constituents were mixed together. The food needed per day was 
made up to a paste with distilled water. Distilled water was 
given the rats to drink. 

It very soon became evident that the animals kept on this cal- 
cium-deficient diet were not able to breed normally. One female 
rat did not get pregnant at all during the experimental period of 
62 days. Four became pregnant once, and only one became preg- 
nant twice. It evidently was the low calcium content of the diet, 
which was the reason for the very poor breeding, as the control 
animals went through a normal number of pregnancies during the 
same period. It was, furthermore, very difficult to raise the young 
as they very often were killed and eaten by the mother. Whether 
this was due to a calcium hunger or to a low milk secretion of the 
mother is difficult to tell. In accordance with the work of Evans 
and Bishop (13) raw potatoes were given to two of the females for 
the last month in order to add to their diet the possible specific 
vitamin for breeding. No effect was noticed, however. 

In order to study the calcium metabolism on such a calcium- 
deficient diet four metabolism studies were undertaken — two on 
pregnant rats and one on a non-pregnant rat, all three animals 
being kept on a calcium-deficient diet. One study was performed 
on a pregnant rat on a control diet. The metabolism period was 
from 3 to 4 days. A special metabohsm cage for rats was used and 
the urine and feces were collected on salt-free filter paper. For 
calcium, magnesium, and phosphorus the exact intake and output 
were determined. The method used for calcium was that of 
McCrudden (14), modified according to Shohl (l5), Simpson (16), 
and Briggs (17). For magnesium and phosphorus the methods of 
Briggs (17) were used. 

The results of these metabolism studies appear in Table IV. 

It is seen from Table IV that Rat 7 (the pregnant control rat) 
has retained, calculated per gram of body weight, nearly three 
times as much calcium as the pregnant rat. No. 4, which was 
kept on a calcium-deficient diet. The control rat, however, re- 
tained much less magnesium (one-fifth) than Rat 4. The organism 
tries evidently to substitute the lacking calcium with magnesium. 
The control rat retained a little more phosphorus than Rat 4. 



TABLE IV 

Metabolism Studies. 
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The metabolism study performed on Rat 4 7 days after delivery 
of 11 young and 9 days after the first metabolism period was 
completed showed a negative calcium balance and a very low 
magnesium retention. This negative calcium balance may at 
this time be a result of the previous pregnancy. The pregnant 
rat had to use all the calcium in the diet for her fetus and nothing 
was left for her own organism. Some time may perhaps pass 
before the organism again gets used to depositing the calcium 
present in the diet. The other non-pregnant rat, No. 3, shows 
a very low, although positive, calcium balance. 


TABLE V. 

Inorganic Constituents of New-Born Rats, 


Rat 

Ash of 
body 
weight 

Ca of 
body 
weight 

Ca of 
ash 

Pof 

body 

weight 

Pof 

ash 

Mg of 
body 
weight 

Mg of 
ash 


per cent 

per cent 

per 

cent 

per cent 

per 

cent 

per cent 

per 

cent 

Young from normal rat 

1 620 

0 2770 

17 10 

0 260 

16 40 

0 0206 

1 268 

t( i< C( u 

1 532 

0 2640 

17 22 

0 274 

17 36 

0 0230 

1 522 

from experimental 
Rat 2 . 

1 616 

0 2475 

15 30 

0 248 

15 40 

0 0217 

1 340 

Young from experimental 
Rat 5 

Young from experimental 

1 595 

0 2800 

17 32 

0 260 

16 20 

0 0320 

1 980 

Rat 1*, second pregnancy. 

1 339 

0 2360 

17 60 

0 232 

17 35 

Spoiled. 

Average of normal rats 

1 576 

0 2705 

17 16 

0 267 

16 88 

0 0218 

1 395 

** ** treated ** 

1 516 

0 2545 

16 74 

0 246 

16 31 

0 0268 

1 660 


By examining the new-born from the rats on the calcium- 
deficient diet a very small lowering was found in the total ash, 
calcium, and phosphorus while the magnesium had increased a 
little. This very small change which may be seen from Table V 
demonstrates that the old organism provides for the young as 
far as possible even when the mother has to take the different 
elements from her own body. 

The chemical analyses of the bones and teeth of the rats fed on 
the calcium-deficient diet bring out marked differences from the 
composition of the bones and teeth of the control animals. 

Table VI shows that the average figures for total ash, calcium, 
and phosphorus in the bones of the treated adult rats lie far 
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below those for the normal adult rat. The magnesium content, 
however, has definitely increased. The percentage of magnesium 
of the bone ash of the rats on the diet is increased about 50 per 
cent. 

TABLE VI 


Analyses of Bones (Diaphysis of Femur) » 


Hat No. 

1 

Condition. 

Ash of dry bone 

Ca of dry bone 

Ca of ash. 

P of dry bone 

P of ash. 

Mg of dry bone 

a 




per 

cent 

per 

cent, 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

A 

M. 

Normal rat fed on mixed 
diet. 

67 0 

26 0 

38 8 

12 04 

17 93 

0 46 

0 69 

B 

F. 

it a 

65 9 

24 7 

37 6 

11 93 

17 93 

0 51 

0 76 

C 

M 

it a 

68 8 

27 2 

41 0 

11 5 

17 5 

0 54 

0 79 

1 

F. 

On the Ca-poor diet for 
90 days, 2 pregnancies 

55 0 

20 9 

37 8 

9 6 

17 4 

0 47 

0 85 

2 

u 

On the Ca-poor diet for 
81 days, 1 pregnancy 

50 2 

18 9 

37 6 

8 63 

17 2 

0 42 

0 83 

3 


On the Ca-poor diet for 
62 days, no pregnancies 

52 8 

20 3 

38 7 

9 75 

18 5 

0 7 

1 33 

4 

« 

On the Ca-poor diet for 
77 days, 1 pregnancy. 

53 9 

20 2 

37 5 

9 3 

17 3 

0 59 

1 10 

5 

it 

On the Ca-poor diet for 
73 days, 1 pregnancy 

50 0 

18 25 

36 5 

9 03 

18 1 

0 58 

1 16 

6 

« 

On the Ca-poor diet for 
77 days, 1 pregnancy. 

52 1 

19 7 

37 9 

9 04 

17 3 

0 57 

1 09 

8 

M. 

On the Ca-poor diet for 
61 days 

57 5 

21 7 

37 8 

76 

13 2 

0 5 

0 86 

9 

tt 

On the Ca-poor diet for 
44 days 

62 4 

24 0 

38 5 

7 9 

12 7 

0 57 

0 91 

Average of normal adult rats 

67 5 

26 0 

39 0 

11 9 

17 8 

0 51 

0 75 


it 

treated “ . 

54 3 

20 6 

37 8 

8 85 

16 5 

0 55 

1 12 


The chemical picture in these bones is thus similar to that 
found in osteomalacia as described by Hammarsten (8). Chabri4 
(18) found such a high magnesium content in the bones from 
osteomalacia that the magnesium content was even higher than 
that of calcium. McCrudden (19) also found a higher magnesium 
content than calcium. 
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White (20) found a marked diminution in calcium with An 
excess of sulfur and magnesium. Several authprs have examined 
the chemical composition of bones from animi^ls on a calcium* 
deficient diet. Most of them agree that the calcium content is 
low. Very few have examined the magnesium content and, where 
it has been determined, it was mostly found low. 

Weiske (21) found no change in the composition of bones from 
animals on a calcium- and phosphorus-deficient diet. In a later 
work he found no increased magnesium content in the bone. 
Beraz (22) found a lowered calcium percentage both in bones and 
soft tissue. A test was not made for magnesium. Perlzweig (23) 
has found a reduction in the total ash, calcium, phosphorus, and 
magnesium in the bones from rats fed on a calcium-deficient diet. 
Aron and Sebauer (24) showed that the bones from animals on a 
calcium-deficient diet are lower in dry substance, which has a lower 
ash content, whereas the calcium of the ash was hardly diminished. 

Table VII shows the chemical picture of the analyses of the 
molar teeth of the same rats. 

We see that the chemical changes in teeth have gone in just the 
same direction as those in the bones. The total ash, calcium, 
and phosphorus have all decreased, while the magnesium has 
increased. 

Table VIII contains the analyses of front teeth from the same 
adult rats and gives us a picture of a different process. 

As we see, the total ash, calcium, phosphorus, and magnesium 
have all decreased. The magnesium has here followed the other 
constituents, that is, the picture corresponds mostly to a rachitic 
process. 

There are very few analyses of rachitic bony material in the 
literature, but the one which has been found shows the same 
process. Aron (25) has found that a rachitic child^s femur 
contained less calcium and phosphorus, as well as magnesium, 
than that of a normal child. 

Perlzweig (23) has, furthermore, also found a lowering in the 
total ash, calcium, phosphorus, and magnesium in the front 
teeth from rats fed on a calcium-deficient diet. Analyses of the 
molar teeth in rats have not been found in the literature. 

When we compare Tables VII and VIII, we see that a different 
process is taking place in the molar and front teeth of the same 
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animal. While the magnesium in the front teeth is following the 
other constituents in a lowering, it is increasing in the molar teeth, 
while the others are decreasing. 

We have to remember that the molar teeth were formed with 
a closed pulp chamber when the animals were started on the diet, 

TABLE VII 


Analyses of Molar Teeth 


Rat No 


Condition 

Ash of dry tooth 

j=i 

1 

-o 

o 

ca 

O 

A 

'o 

rt 

u 

P of dry tooth 

P of ash 

Mg of dry tooth 

Mg of ash 




per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

i 

per 

cent 

per 

cent 

A 

M 

Normal rat fed on mixed 
diet 

78 0 

31 1 

41 0 

14 2 

18 4 

0 35’ 

0 48 

B 

F 

a it 

78 5 

30 5 

39 0 

14 8 

18 9 

0 46 

0 63 

C 

M. 

a it 

78 8 

30 5 

38 8 

14 5 

18 4 

0 57 

0 73 

1 

F. 

On the Ca-poor diet for 
90 days, 2 pregnancies 

76 5 

30 0 

39 2 

14 4 

18 9 

0 71 

0 92 

2 

it 

On the Ca-poor diet for 
81 days, 1 pregnancy. 

76 3 

29 0 

38 0 

13 65 

1 

17 9 

0 75 

0 98 

3 

it 

On the Ca-poor diet for 
62 days, no pregnancies 

77 0 

30 2 

39 2 

I 

14 16 

i 

18 45 

1 05 

1 37 

4 

u 

On the Ca-poor diet for 
77 days, 1 pregnancy 

75 5 

29 2 

38 6 

13 8 

18 25 

0 83 

1 10 

5 

' it 

On the Ca-poor diet for 
73 days, 1 pregnancy 

75 0 

29 5 

39 5 

14 3 

19 1 

Not de- 
termined. 

6 

it 

On the Ca-poor diet for 
77 days, 1 pregnancy 

77 4 

30 21 

39 1 

14 0 

18 1 

0 77 

0 99 

8 

M 

On the Ca-})oor diet for 
61 days 

77 5 

30 3 

39 0 

13 48 

17 3 

0 62, 

0 80 

9 

a 

On the Ca-poor diet for 
44 days 

75 8 

29 7 

39 3 

14 35 

18 9 

0 68 

0 89 

1 

Average of normal rats 

78 4 

30 7 

39 6 

14 5 

18 6 

0 46 

0 61 


a 

‘‘ treated “ . 

76 4 

29 7 

38 9 

14 0 

18 38 

0 77 

1 01 


whereas the front teeth were constantly growing during the 
experimental period. It is most natural to consider the process 
going on in the molar teeth as osteomalacia and that in the front 
teeth as rickets. Both processes are thus an expression of a 
calcium deficiency, except that the organism answers in a different 
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way according to the state of the tissue, whether it is growing or 
not. 

We see from these tables that the changes produced by the diet 
have taken place both in the bones and teeth of the same animals, 
and even in a fixed, formed tooth like that of a human being. The 

TABLE VIII 


Analyses of Front Teeth. 


Rat No 

1 

Condition 

Xi 

1 

1 

*0 

43 

00 

Ca of dry tooth 

43* 

S 

*o 

eS 

o 

P of dry tooth 

P of ash 

43 

•a 

*0 

43* 

9 

V-4 

o 




per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

1 cent 

per 

cent 

A 

M 

Normal rat fed on mixed 
diet. 

78 2 

28 95 

37 1 

14 75 

18 

861 52 

1 94 

B 

F. 

a it 

78 3 

28 8 

36 85 

14 52 

18 

651 68 

2 14 

C 

M. 

H i( 

79 8 

29 0 

36 5 

15 7 

19 

7 

1 8 ! 

2 27 

1 

F. 

On the Ca-poor diet for 
90 days, 2 pregnancies 

74 3 

25 2 

33 9 

13 6 

18 

2 

,0 83' 

i 

1 12 

2 

u 

On the Ca-poor diet for 
81 days, 1 pregnancy. 

75 4 

28 2 

37 4 

13 3 

17 

7 

1 

0 68 

0 91 

3 

iC 

On the Ca-poor diet for 
62 days, no pregnancies 

76 3 

28 6 

37 5 

14 25 

18 

7 , 

1 01 

1 33 

4 

IC 

On the Ca-poor diet for 
77 days, 1 pregnancy 

76 5 

28 0 

36 6 

13 5 

17 

1 

0 96 

1 25 

5 


On the Ca-poor diet for 
73 days, 1 pregnancy 

74 5 

27 2 

36 5 

13 8 

18 

5 

i 

0 75 

1 00 

6 

(( 

On the Ca-poor diet for 
77 days, 1 pregnancy 

71 0 

26 8 

37 9 

13 05 

18 

4 

0 79 

1 16 

8 

M 

On the Ca-poor diet for 
61 days 

77 6 

28 15 

36 25 

13 44 

17 

3 

1 

1 

0 90 

1 16 

Average of normal rats 

78 5: 

28 9 

36 8 

14 9 

19 

1 

1 ' 

1 67 

2 12 



treated “ 

75 0 27 4 

36 6 

13 5 

18 

li 

0 85 

1 

1 13 


changes in the bones are more far reaching than those in the teeth 
merely because the circulation in the bones is better than in the 
teeth and consequently the changes are more rapid in the former 
than in the latter. 

Calcium in the blood has been determined on three normal 
and seven treated rats. While the figures for the normal rats lie 
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around 11 mg. per 100 cc. of blood serum the figures for the rats 
on the calcium-deficient diet lie far below. 

As will be seen from Table IX the average figure for seven 
treated rats is 6.49 mg. per 100 cc. of serum. No convulsions 
occurred in any of the rats. 

In the discussion whether or not we have carried our fundamen- 
tal question as to dental caries any nearer to a solution, we have 
to take into account the resistance of the tooth. It seems quite 
natural that the resistance of the tooth against decay must lie in the 
structure and chemical composition of the tooth. Changes in these 


TABLE IX. 


Analyses of Calcium in Blood Serum, 


Rat No 

Sex 

Condition 

Calcium 
per 100 CO. 
serum 

c 

M. 

Normal rat fed on mixed diet. 

mg 

11 1 

D 

it 

it it it it a it 

11 1 

E 

u 

it it it a a it 

12 0 

2 

F. 

On Ca-poor diet for 81 days, 1 pregnancy. 

6 0 

4 

it 

it a it it it ^ it 

5 88 

5 

u 

it it a ti a it 

6 80 

6 

it 

it it it it it ^ it 

5 88 

8 

M. 

it it ti ti 0^ it 

6 4 

9 

a 

it it it it it 

8 1 

14 

a 

it it it ti 0Q it 

7.4 


Average of normal rats 
‘‘ treated 


11 4 
6 49 


two factors may be the first step in the process of decay. These 
changes whether they are only of a chemical character or of a 
chemical and physical one may be quite small and yet quite suffi- 
cient to render the tooth susceptible for a third factor, which may 
be a local one, to enter in and make the final step in the process of 
decay. 

Regarding the two questions put before us in this paper, the 
first question, namely ‘Ts it possible to produce chemical changes in 
an already formed tooth by changing the diet,” can be answered 
positively, based on the studies in this article. 
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The second question, ‘Ts the destruction of teeth during preg- 
nancy due to a faulty diet with a special reference to a calcium 
deficiency, is, however, still open for discussion. It was unfor- 
tunate that the animals in these series were kept on such a low 
calcium diet that they did not breed sufficient numbers to study 
the influence of pregnancy on the teeth. Several series of rats 
have now been started on a more abundant calcium diet in order to 
study the influence of this factor. 

SUMMARY* 

Histological and chemical studies have been made on front teeth 
from guinea pigs fed on a scorbutic diet (Dr. Howe^s animals). 
These studies have shown that the histological picture is a quite 
different one froni that of normal animals. The pulp is so degen- 
erated that one can scarcely recognize any of its normal elements 
and the normal orthodentin is largely substituted by osteodentin. 
The chemical picture is also altered. A marked decrease in total 
ash and calcium oxide and a marked increase in magnesium have 
been found. (Phosphorus was not determined.) 

White female rats were fed on a low calcium diet (no calcium 
added to a mixture of whole wheat, butter, and Mendel and 
Osbornc^s salt mixture minus calcium) m order to study the effect 
of pregnancy on the teeth during a period of calcium deficiency. 
The rats, however, did not breed sufficiently to study the factor of 
pregnancy (possibly an account of the low calcium content in the 
food). 

Metabolism studies during the calcium-deficient period showed, 
compared with animals on a control diet, a low calcium retention 
with an abnormally high magnesium retention. 

The blood calcium had fallen from between 11 and 12 mg. of 
calcium per 100 cc. of serum in normal rats to as low as 5 mg. 
in rats on the diet. No tetany was observed. 

The bones from the treated rats showed uniformly a great reduc- 
tion in total ash, calcium, and phosphorus with a possible increase 
in magnesium. 

Chemical changes have occurred as a result of the low calcium 
diet both in the front teeth (constantly growing) and in the molar 
teeth (formed, not constantly growing). The chemical process in 
the two kinds of teeth seems to be a different one. Analyses of 
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the molars show a reduction in the total ash with a small decrease 
in the calcium and phosphorus and a small increase in the magne- 
sium content. Analyses of front teeth show a reduction in all 
respects. 

It is seen from these studies that it is possible to produce chemi- 
cal changes in an already formed tooth by changing the diet. 

It is a great plestsure for me to extend my sincere thanks to 
Dr. Percy R, Howe, The Forsyth Dental Infirmary for Children, 
Boston, for the opportunity of using his animals for the studies on 
guinea pigs, and for the help and constant encouragement during 
these studies. 

It is also a great pleasure to express my gratitude to Dr. P. A. 
Shaffer, Washington University, St. Louis, for being allowed to 
make use of his laboratories with the abundant facilities in the 
studies of the rats. My thanks for assistance also go to the staff 
of the Biochemical Department of Washington University. 
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THE ESTIMATION OF BILE ACIDS IN URINE. 
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The condition in which the tissues of the body are stained with 
bile pigments is known as icterus or jaundice. On account of the 
characteristic pigmentation and the appearance of bile pigments 
in the blood and in the urine the disease was recognized at an 
early date. A great many factors apparently may lead to this 
condition; usually, however, it involves obstruction of the com- 
mon bile duct The appearance of pigments in the urine indicates 
that a channel for their elimination is afforded and investigators 
were early led to look for a similar excretion of the bile acids. 
The results of repeated investigations are not altogether in 
harmony, probably due in large part to the lack of accurate 
methods for the estimation of the bile acids. The general con- 
census of opinion is that the bile acids are eliminated in the urine 
only in small quantities and this at once raises the question as 
to the fate of these substances. It appears possible that either 
through liver injury or perhaps by means of a mechanism which 
controls the synthesis of bile acids that in obstruction of the bile 
duct there is a decreased production; it is not, however, con- 
ceivable to us that the synthesis of bile acids is wholly stopped. 
The failure of certain investigators to find bile acids in appreciable 
amounts in urine seemingly indicates that they are oxidized in 
the tissues; this explanation, however, cannot be unqualifiedly 
accepted, especially when it is recollected that taurine which is a 
constituent of taurocholic acid, on account of the sulfonic acid 
radical, is not oxidized to any appreciable extent (1). 

In order that the entire subject may be more thoroughly studied 
it appeared to us that an accurate method for the quantitative 
estimation of the bile acids in urine is a necessary prerequisite. 
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Bile Acids in Urine 


The methods which have previously been employed for the esti- 
mation of bile acids in urine may conveniently be grouped into 
three classes: (a) Color tests (2, 3, 4); all of which are essentially 
modifications of the well known Pettenkofer test. This has re- 
peatedly been shown to be not specific for the bile acids since a 
large variety of substances respond to the test. Various workers 
have attempted either by precipitation or by extraction to free 
the bile salts from the interfering substances before applying the 
Pettenkofer test, but at its best this method from the quantitative 
aspect is but an approximation, (b) Isolation of the bile acids 
(5). This is a difficult process especially when small quantities 
are present in a complex medium such as urine and a high degree 
of accuracy cannot be expected, (c) Methods which depend 
on the change of surface tension which is produced in urine by 
the presence of bile acids (6). This has been measured either by 
means of the stalagmometer or by placing flowers of sulfur on the 
surface of the urine which is to be tested for the presence of bile 
acids. If the latter are present the sulfur particles will either 
sediment or spread over the surface of the fluid. This is com- 
monly known as Hay^s test. The presence of protein and prob- 
ably other substances in the urine interferes seriously with the 
estimation of the bile acids. 

In 191,9 Foster and Hooper (7) published a method for the esti- 
mation of bile acids in small quantities of dog bile. Advantage 
is taken of the fact that on hydrolysis with alkali taurocholic 
acid is split into cholic acid and taurine. The estimation of the 
increase of amino nitrogen as the result of the hydrolysis serves 
as the measure of the amount of taurine which is set free and hence 
the concentration of the bile acids in bile. This method has been 
further modified so that glycocholic and taurocholic acid may be 
individually estimated (8), when both are present in bile. The 
principle underlying the method of Foster and Hooper offers a 
possible means for the estimation of the bile acids in urine pro- 
vided certain interfering substances, particularly proteins, amino- 
acids, hippuric acid, and urea, can be eliminated. In order to 
accomplish this we have taken advantage of an observation made 
by Tengstrom (9) who found that the bile acids may be precipi- 
tated when in pure solution by saturating the solution with 
MgS 04 . Experiments were carried out by us to check the findings 
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of Tengstrom and to determine the completeness of the precipi- 
tation of the bile acids by the addition of magnesium sulfate. 
An alcoholic solution of the bile .acids from ox bile was prepared by 
adding 10 volumes of absolute alcohol to bile, heating to effect 
solution of the bile acids and to coagulate the proteins. The latter 
were removed by filtration and four samples of equal volume were 
evaporated to dryness. The residues were then treated as fol- 
lows: One was dissolved in distilled water; the second was taken 
up in about 8 cc. of 8 per cent NaOH solution and the bile acids 
were hydrolyzed by placing the flask containing the solution in 
boiling water for 8 hours; the third was dissolved in 15 cc. of 
water and the solution was then saturated by the addition of 
solid MgS 04 . After standing in the ice chest overnight the 
residue was filtered off on a Gooch crucible, then washed with small 
quantities of a cold saturated solution of MgS 04 , and the bile 
acids were finally extracted with hot absolute alcohol. The 
alcoholic solution was evaporated to dryness and the residue was 
dissolved in water. The fourth sample was similarly treated 
except that after evaporation of the alcohol the residue was dis- 
solved in 8 per cent NaOH and hydrolyzed in a manner similar to 
the second sample. All the final volumes were adjusted to 10 cc. 
and the estimations of amino nitrogen were carried out according 
to the well known method of Van Slyke.^ 2 cc. of solution were 
used for each estimation. The difference for the N values which 
were obtained for the hydrolyzed and for the unhydrolyzed 
samples gives the nitrogen of the bile acids. The results which 
were obtained in this experiment are given in Table I and indicate 
a recovery of 97 per cent. 

Experiments were next carried out to determine the recovery 
of the bile acids from urine. The urine to which an alcoholic 
solution of the bile acids had been added was evaporated to 
dryness, the bile acids were extracted with absolute alcohol, the 
alcohol was removed by evaporation, and the bile acids were 
precipitated from their aqueous solution (15 cc.) by the addition 
of solid MgS 04 to saturation. The remainder of the procedure 

^ In order to eliminate the possibility of slowly reacting amines being 
present, estimations were made by shaking the bile acid solution with 
HNO 2 for 4 and 8 minutes, respectively. The nitrogen due to slowly re- 
acting amines was found to be a very small quantity. 
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was the SEune as that which is given in the previous experiment 
with bile. A satisfactory recovery of the bile acids is indicated 
in the results which are given in Tables II ahd III. 


TABLE I 

Estimation of Bile Acids in Ox Bile* 



mg. 

Method of Schmidt and Dart. 


Amino nitrogen after hydrolysis 

3 8 

“ before ... 

0 6 

Nitrogen of bile acids , .... 

3 2 

Precipitation by magnesium sulfate 


Amino nitrogen after hydrolysis 

3 7 

before 

0 6 

Nitrogen of bile acids 

3 1 

• 

Percentage recovery of bile acid nitrogen 

97 


* The figures which are given in Tables I, II, III, and IV for the amino 
nitrogen before and after hydrolysis include the reagent blank Since the 
bile acid nitrogen represents the increase of ammo nitrogen due to the 
hydrolysis of the bile acids it is unnecessary to determine the blank on 
the reagents 

TABLE II 

Recovery of Taurochohc Acid and of Glycochohc Acid After the Addition of 

These Substances. 


* 

Taurochohc 

acid 

Glycochohc 

acid. 

Estimation of bile acid nitrogen in the aqueous solution. 

Method of Schmidt and Dart 

mg. 

mg 

Amino nitrogen after hydrolysis 

1 47 

1 65 

before ** . ... 

0 38 

0 08 

Nitrogen of bile acid 

1 09 

1 57 


Estimation of bile acid in urine. 


Precipitation by magnesium sulfate. 

* 

t 

Amino nitrogen after hydrolysis 

1 58 

2 60 

before . ... 

0 40 

0 99 

Nitrogen of bile acid 

1 18 

1 61 

Percentage recovery of bile acid nitrogen 
from urine . . 

108 

102 


* 40 mg. of taurochohc acid per 200 cc. of urine, 
t 52 mg. of glycochohc acid per 200 cc. of urine. 
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Another series of experiments was carried out in which both 
whole human and ox bile in varying amounts were added to 
specimens of urine. The analytical procedures were the same 
as those which were employed in the previous experiment. The 
results which are given in Table IV indicate a recovery greater 
than 90 per cent of the bile acids from urine in each instance. 

An experiment was next carried out to determine whether the 
presence of hippuric acid interferes with the estimation of the bile 
acids in urine. 96 mg. of hippuric acid were added to 50 cc. of 
urine and the resulting solution was treated in a manner similar 

TABLE III 

Recovery of Bile Acids from Urine After the Addition of an Alcoholic Solution 
of the Bile Acids from Ox Bile, 

Specimen 1 | Specimen 2. 


Estimation of bile acid nitrogen in the alcoholic solution of ox bile. 



mo. 

mg. 

Method of Schmidt and Dart. 



Amino nitrogen after hydrolysis 

3 8 

4 8 

‘‘ before ‘‘ 

0 6 

0 7 

Nitrogen of bile acids 

3 2 

4 1 


Estimation of bile acids in urine. 


Precipitation by magnesium sulfate 



Amino nitrogen after hydrolysis 

3 8 

4 7 

‘‘ before 

0 7 

0 7 

Nitrogen of bile acids 

3 1 

4 0 

Percentage recovery of bile acid nitrogen 
from urine , ... 

97 

98 


to that which was employed in the previous experiments with 
bile acids. A control experiment was carried out with urine to 
which no hippuric acid had been added. Estimation of the 
amino nitrogen in the hydrolyzed specimens yielded per 2 cc. 
(total volume 10 cc.) 0.17 and 0.18 cc. of nitrogen gas, respectively, 
indicating that hippuric acid does not interfere with the estima- 
tion of the bile acids in urine when the latter are estimated ac- 
cording to the above described method. 

Several points in connection with the analytical procedure need 
to be emphasized. On addition of solid magnesium sulfate to 
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saturation the bile acids separate from their aqueous solution as 
a semifluid amorphous mass. It is best to i;etain this in the 
flask and to wash it several times by decanti|tion with small 
quantities of a cold saturated solution of magnesium sulfate. 
Certain precautions must also be taken in the estimation of the 
amino nitrogen. The presence of the alkali in the hydrolyzed 
bile influences to a slight extent the nitrogen which is given off 
by the reagents. In order that this value may be the same for 


TABLE IV. 

Recovery of Bile Acids from Urine After the Addition of Human Bile and 

Ox Bile. 



Human 

Human 

Human 



bilo 

bile 

bile 

Ox 


speci- 
men 1 • 

speci- 
I men 2 * 

speci- 
men 3 t 

bilet 


Estimation of bile acid nitrogen in the bile. 



rn/ 

m? 

mg 

mg 

Method of Schmidt and Dart. 





Amino nitrogen after hydrolysis 

12 5 

9 9 

3 7 

9 0 

before 

2 5 1 

3 0 

1 5 

2 1 

Nitrogen of bile acids 

10 0 

6 9 

2 2 

6 9 

Estimation of bile acid nitrogen in 

urine 



Precipitation by magnesium sulfate 





Ammo nitrogen after hydrolysis 

11 7 

7 6 

2 8 i 

9 1 

“ before 

1 7 

0 8 

0 7 

2 6 

Nitrogen of bile acids 

10 0 

6 8 

2 1 

6 5 

Percentage recovery of bile acid nitrogen 





from urine 

100 

98 

95 

94 


* 5 cc. of human bile per 50 cc of urine, 
t 2 cc. of human bile per 100 cc of urine 
t 10 cc of ox bile per 50 cc. of urine. 


the hydrolyzed and unhydrolyzed specimens of bile (thus avoiding 
the necessity of carrying out the blank estimations) it has been 
found convenient either to neutralize partially the alkali in the 
hydrolyzed bile or to add sufficient acetic acid to the reaction 
vessel to neutralize the alkali which is contained in the specimen 
of hydrolyzed bile. The method of estimating the bile acids 
in bile by the method of Foster and Hooper or of Schmidt 
and Dart is probably not more accurate than 5 per cent. An 
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allowance for an error of similar magnitude must be made in the 
method herein described. The method is, however, sufficiently 
accurate to indicate the magnitude of the value for the output of 
bile acids in urine. 

Opportunity was afforded for the estimation of the bile acid 
output in the urine from a number of cases of jaundice, the 
results of which are given in the protocols. These cases 
cannot be considered as ideal since they do not represent 
simple cases of bile duct obstruction. Further work will there- 
fore have to be carried out on experimental animals. The results 
which are given below indicate that in the cases which have 
been studied only a small quantity of bile acids was excreted 
through the urine, the maximum output per 24 hours being about 
600 mg., calculated as glycocholic acid. The majority of the 
values fall around 100 mg. Huppert (3), who estimated the 
output of bile acids in specimens of urine from one case of jaundice, 
found the output to vary from 28 to 116 mg. Values for bile 
acid output which are less than 100 mg. per day are undoubtedly 
subject to considerable analytical error; the values, however, 
indicate that the amount of bile acids which is excreted is ex- 
tremely small. Our results likewise indicate that there is no 
constancy in the amount of bile acids which is eliminated in the 
urine of a particular individual. Thus, in Case A the output of 
bile acids was 600 mg on a certain date and 3 weeks later the 
output dropped to about 50 mg. The amount of bile acids which 
was excreted in the urine of Case D was found to be 112 mg. 
on a certain day and on the following day the output increased 
to 250 mg. Bischoff (4) believes that man synthesizes about 
11 gm. of bile acids per day and Voit (10) on the basis of work 
which he carried out on a bile fistula dog estimates that the lower 
limit for the synthesis of bile acids by man is about 11 gm. of 
dry bile per day. Foster, Hooper, and Whipple (11) found that 
although the bile acid excretion in a healthy bile fistula dog given 
a mixed diet will show great variations from day to day, the 
amount of taurocholic acid which is excreted hour by hour during 
any given day is fairly uniform. A rough average for the output 
of taurocholic acid in a bile fistula dog of 30 pounds weight is 
100 mg. per hour, or about 2.5 gm. per day. On this basis the 
amount of bile acids which a man can synthesize lies in the neigh- 
borhood of 10 gm. 
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Protocols. 

Estimations of the Urinary Output of Bile Acids in Eases of Jaundice, 

Subject A. — The specimen of urine was obtained from a patient who had 
carcinoma of the liver. The case was of many months duration and for 
a period of almost 10 weeks the disease had been* progressing rapidly. The 
patient died about 3 weeks after this specimen of urine had been obtained. 
The output of bile acid nitrogen per 24 hours, based on estimations which 
were carried out on a 100 cc. specimen of urine, was 18 mg., which is equiva- 
lent to 600 mg. of glycocholic acid. 

Another specimen of urine was obtained 10 days later than the above. 
The output of bile acid nitrogen was 1.6 mg., which represents 53 mg. of 
glycocholic acid. 

Subject B — This patient was suffering from carcinoma of the liver and 
of the gall bladder. The disease had been progressing steadily during the 
course of 6 weeks during which time the patient had been under observa- 
tion. He became more jaundiced with time The total urinary output 
of bile acid nitrogen was 1 mg which is equivalent to 33 mg. of bile acid. 

Subject C. — The urine was obtained from a case of jaundice caused by 
the obstruction of the common duct due to carcinoma. A week prior to 
the time at which this specimen was obtained an attempt was made to 
alleviate this condition by operative procedure , bile pigments were present 
in the urine in considerable amounts. The urinary output of bile acid 
nitrogen was found to be 4.6 mg , which represents 152 mg of glycocholic 
acid. 

Subject D — The patient was suffering from an occlusion of the common 
duct by gall stones. 3 days prior to the time when the specimen of urine 
was obtained a number of gall stones were passed. Bile pigments were 
present in the urine in considerable amounts. The total output of bile 
acid nitrogen in the urine was 3 4 or 113 mg. expressed as bile acid. 

Another specimen was obtained 1 day later than the above The output 
of bile acid nitrogen was 7.6 mg. which is equivalent to 250 mg. of 
glycocholic acid. 

These values are derived from figures which are based on experi- 
mental work which has been carried out on bile fistula animals 
and represent amounts of bile acids which the animal can syn- 
thesize rather than those which are daily synthesized by normal 
animals. No data relating to the amount of bile acids which a 
normal animal synthesizes appear to be available. If we assume 
that 250 mg. of bile acids represent an average value for the daily 
urinary excretion in icterus patients we are accounting for only 
approximately 2 per cent of that which can be synthesized. We 
realize that this method of calculation is probably extremely 
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inaccurate; on the other hand, we cannot help but feel that the 
amounts of bile acids which have been reported in urine do not 
represent the total production by these individuals. Further 
evidence for this statement is gained from the work of Hup- 
pert (3) who found only traces of bile acids in the urine of a rab- 
bit whose bile duct had been ligated. Further experimental work 
on this problem is under way. 
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THE DISTRIBUTION OF PENTOSE COMPOUNDS IN THE 
PANCREATIC TISSUES OF THE LING COD (OPHIO- 
DON ELONGATUS, GIRARD). 

By C. BERKELEY 

(From the Marine Biological Station, Nanaimo, Biitish Columbia, Canada.) 

(Received for publication, October 4, 1923 ) 

INTRODUCTION. 

The wide occurrence of a pentose in mammalian glands has 
long been recognized and the combination in which the sugar 
occurs has in many cases been identified as guanylic acid (1, 2). 
The writer has found a similarly wide distribution in the glands 
of fishes (3) and has shown that, together with guanylic acid, 
inosinic and adenylic acids are present in the pancreas of the dog- 
fish (4). The recent observation by Jackson (5) of the occurrence 
of the latter compound in human blood is of particular interest 
in its bearing on the wide distribution of nucleotides throughout 
the animal body and their possible physiological significance. 

No suggestion as to this physiological significance has been 
made, but, since, in all cases in which a general survey has been 
carried out, pentose compounds have been found present in mark- 
edly greater quantity in the pancreas than in any other tissue, 
a functional connection with that organ seems probable. 

The pancreas is known to contribute to two distinct metabolic 
processes, digestion and the maintenance of the carbohydrate 
equilibrium, and the performance of the latter function has been 
connected, in the mammalian pancreas, with particular tissues 
of the organ known as the islets of Langerhans. Determinations 
of pancreas pentose in fishes have hitherto been confined to cer- 
tain of the Elasmobranchii (3) and in these the pancreas is a com- 
pact organ in which the islets of Langerhans are distributed 
through the zymogenous tissue in the same way as in that of 
mammals so that the material taken for analysis contained both 
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tissues. Determinations have not previously been made in a 
fish of any other group largely because the pancreas is in most 
cases very diffuse and the material, therefore, dfficult to collect. 
In some of the Teleostei certain small glands situated in the 
mesentery have been shown by Rennie (6) to be homologous with 
the islets of Langerhans and this has been confirmed by Macleod 
(7) by the isolation of insulin from them. The zymogenous tissue 
of the pancreas of these fishes occurs in narrow strips scattered 
through the mesentery, particularly between the pyloric ceca 
and adherent to the intestine. 

It seemed that some indication of the physiological significance 
of the pentose compounds of the pancreas might be obtained if 
it could be found out which of the two essential tissues they partic- 
ularly characterized by separate determination in each from a 
suitable teleost fish. The ling cod {Ophiodon elongatuSy Girard) 
was used since it was the only such fish available in sufficient quan- 
tity to yield enough material for analysis. 

EXPERIMENTAL. 

The ling cod is a common food-fish of the coast of British Colum- 
bia. As brought in by the fishermen the individual fishes vary 
in weight from 2 kilos or less to as much as 15 kilos. The largest 
islet glknd is situated in the mesentery near the spleen and is 
easily recognized. It varies in size with that of the fish, but has 
never been found larger than a small pea. It is rather conspicu- 
ously white, is always encapsulated, and frequently surrounded 
with a thick coat of fat. Only the principal islets were used and 
these were taken in most cases from fish of average size. They 
were carefully excised from freshly killed fish and immediately 
put into 95 per cent alcohol. On reaching the laboratory they 
were broken up and pressed under fresh alcohol to insure rapid 
penetration and the partially ground material was kept under 
alcohol, which was changed at frequent intervals, for some days. 
It was then dried, extracted in a Soxhlet with ether, and again 
dried, first at air temperature and finally at 98°C. The zymogen- 
ous pancreatic tissue was cut out of the mesentery in the loop of 
the intestine to which it adheres rather closely. No islets were 
to be seen in this tissue, but no histological examination was made, 
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so that their entire absence is not certain. Samples of this ma- 
terial, and of the islet tissue, were tested in the usual way for the 
power of inducing the tryptic fermentation of casein. The former 
rapidly gave a positive reaction for tryptophane, the latter none. 
The zymogenous tissue was prepared for analysis in precisely 
the same way as the islets. In the first experiments the dried 
material was finally ground lightly and put through a fine sieve. 
This gave a partial separation of the glandular material proper 
from the investing and connective tissues, but the latter material 
could not be entirely freed from the former. Pentose was deter- 
mined separately in both the coarse and the fine material. The 
yield of fine material from the islet glands was, however, very small; 
only 0.3 gm. was obtained from the islets extracted from 75 fish. 
In the second experiments, therefore, for which about the same 
number of fish was used, the separation was not made. 

The method of pentose determination used was Grund^s (8) 
modification of that of Tollens and Krobe and calculation was 
made to xylose^ by Grund's formula. The method has been found 
satisfactory in previous work. It was tested again on pure 
xylose using quantities to correspond with the amount of pentose 
anticipated from the small amount of sieved islet tissue available 
for analysis, and results closely approximating to theory were 
obtained. 

Determinations were also carried out in some other tissues of 
the ling cod, prepared in the same way as described, for compari- 
son with the pancreatic tissues. In these cases only material 
passing the fine sieve was taken for analysis. 

The results are summarized in Table I. 

The islet gland tissues are thus considerably richer in pentose 
than the corresponding ones from the zymogenous portion of the 
pancreas. The figures for the latter are, however, high as com- 
pared with all the other tissues examined, except the liver. While 
this may really be characteristic of the zymogenous tissue it is 
also possible that it is due to the presence of unobserved islets 

^The actual sugar present in the material is, no doubt, d-ribose which 
has been shown to be the characteristic pentose of the nucleotides by 
Levene and Jacobs (9), but, since the furfural equivalent of d-ribose is 
uncertain and only comparative results were required, it seemed advisable 
to calculate on the basis used hitherto. 
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therein. The fine cellular material from the islet tissue is con- 
siderably the richest in pentose of all those exatinined. The high 
pentose content of the liver is in accordance with the results previ- 
ously obtained for this tissue in fishes (3). 


TABLE I 


Tissue 

Pentose 
(as xylose). 


per cent 

Islet gland (fine material) 

2 02 

(coarse ) 

1 63 

‘‘ (unsieved) 

1 40 

Zymogenous pancreatic (fine material) 

1 55 

“ (coarse ‘^ ) 

1 38 

“ “ (unsieved) 

1 15 

Spleen 

0 82 

Liver 

1 62 

Ovary 

0 86 

Kidney 

0 65 

Heart 

0 51 

Testis 

0 68 


DISCUSSION. 

So far, then, as can be judged from the examination of a single 
species of fish which has the islet and zymogenous tissues sepa- 
rated, it seems justifiable to draw the conclusion that it is to the 
former, rather than to the latter, than the high pentose content 
of the pancreas is mainly due in mammals, and in other animals 
which have the two tissues combined in one organ. 

It is hoped to extend the inquiry to other teleost fishes. In the 
meantime it is interesting to speculate as to how the high pentose 
content of the islet tissue may be correlated with its function of 
insulin production. 

The action of insulin in controlling carbohydrate metabolism 
has been ascribed by Winter and Smith (10) to a power of convert- 
ing ordinary glucose into a highly reactive form^ in which it readily 

2 Winter and Smith’s evidence involves the intervention of a liver 
enzyme, the action of which is promoted by insulin, to bring about this 
change. In connection with this observation and the argument which 
follows, the high pentose content of the liver in all fishes hitherto examined 
is noteworthy. 
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undergoes metabolic change. CoUip (11) has recently described 
a hormone, glucokinin, which occurs in plant tissues and has a 
very similar physiological activity to that of insulin, and which, 
as he points out, probably functions in the same way, converting 
glucose into a more reactive form which is necessary for the 
metabolic processes of the plant. Further, a suggestion has 
been made by Heilbron and Hollins (12) in connection with 
plants which is very pertinent to the present inquiry. These 
authors point out that, while the work of Baly and his associates 
(13) has shown definitely that only sugars of the Ce series result 
directly from solutions of formaldehyde activated by light rays 
of suitable wave-length and that probably, therefore, only such 
sugars are formed by photosynthesis in the plant, a very large 
proportion of the compounds occurring in plant tissues belongs to 
the Cs series, and the suggestion is made that these result from the 
respiratory oxidation of hydroxymethyl-furfuraldehyde which 
is derived from the primarily synthesized hexose by loss of water. 
The hypothesis seems plausible and gains force by the discovery 
of glucokinin, since an activated form of hexose would seem to be 
necessary to react as suggested. 

May not a similar process occur in the animal organism whereby 
pentose is formed from glucose activated undei the influence of 
insulin? If so, this seems to suggest a connection between the 
production of the hormone and the localization of pentose com- 
pounds in greatest quantity in the tissue in which it is produced. 

SUMMARY. 

1. The tissue of the islet gland of Ophiodon elongatus contains 
considerably more pentose than that of the zymogenous portion 
of the pancreas. 

2. The high pentose content of the pancreas in mammals, 
Elasmobranchii, etc., is probably, therefore, due to the presence 
in it of the isles of Langerhans. 

3. A connection between the special localization of pentose com- 
pounds in the islet tissue and its function of insulin production is 
suggested. 
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OBSERVATIONS ON THE INORGANIC BASES AND PHOS- 
PHATES IN RELATION TO THE PROTEIN OF BLOOD 
AND OTHER BODY FLUIDS IN BRIGHT’S 
DISEASE AND IN HEART FAILURE. 

By HARALD a SALVESEN and GEOFFRY C LINDER. 

{From the Hospital of The Rockefeller Institute for Medical Research ) 

(Received for publication, November 12, 1923 ) 

It has been shown by several writers during the last few years 
that the inorganic bases of blood serum are remarkably constant 
in normal individuals,^ whereas changes have been demonstrated 
in certain pathological conditions. It has always been anticipated 
that a decrease in inorganic bases would occur in severe acidosis 
and it has been demonstrated that there actually is a loss of sodium 
from the blood in this condition in children (Kramer and Tisdall, 
2) ; this element, as the principal inorganic base, is obviously used 
for neutralizing acid and excreted as the corresponding salt. 
Changes in the inorganic bases have also been demonstrated in 
BnghVs disease. Sodium has been found increased or decreased 
(Denis and Hobson, 11), potassium and magnesium more or less 
constant (Myers and Short, 4; Denis and Hobson, 11), and cal- 
cium decreased, particularly in the uremic stage (Marriott and 
Howland, 12; Halverson, Mohler, and Bergeim, 5; Denis and 
Hobson, 11). The cause of these changes found in Bright^s disease 
is not known; retention is generally accepted as a probable cause 
of an increased concentration of sodium in serum, while a decreased 
concentration might be due to water retention. The question 
of the relation of sodium (and chlorides) to water retention is 
intimately connected with the problem of edema formation and 

^Sodium: Doisy and Bell (1), Kramer and Tisdall (2). Potassium: 
Kramer and Tisdall (3), Myers and Short (4). Calcium: Halverson, 
Mohler, and Bergeim (5), Meigs, Blatherwick, and Cary (6), Marriott 
and Howland (7), Kramer and Howland (8), Kramer and Tisdall (9). 
Magnesium: Kramer and Tisdall (9), Denis (10). 
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is as yet unsettled. Marriott and Howland (12), who discoverea 
the calcium decrease in uremia, pointed out the coincidence of 
high phosphates and low calcium in this condition. That there 
might possibly be a relation between the rise in phosphates and 
the fall in calcium was suggested by the experiments of Binger (13), 

As the inorganic bases of the plasma are partly bound to the 
proteins and the plasma proteins often are low in certain types of 
kidney disease, it seemed of importance to determine whether 
there is any parallelism between the changes in the proteins and 
inorganic bases in Bright^s disease. This has been done and 
we have further, in one case of Bright^s disease and in several 
cases of cardiac decompensation, analyzed different body fluids 
with various concentrations of protein. Also the relation of the 
phosphates has been investigated because of the possible connec- 
tion between phosphate retention and the decrease in calcium. 

Methods. 

The inorganic bases were determined in serum by the methods 
of Kramer and Tisdall (2, 3, 9), the phosphates by the method of 
Tisdall (14), and the plasma proteins by that of Howe (15). 
Blood for the determination of the inorganic bases and the phos- 
phates was always taken in the morning before breakfast; no 
stasis was used, and the blood was collected under paraffin oil, 
centrifuged at once, and the serum pipetted off. Blood for the 
determination of plasma proteins was usually collected at the 
same time unless otherwise stated. Edema fluid was obtained 
from the subcutaneous tissues of the legs by means of Southey^s 
tubes; narrow rubber tubing filled with sterile oil was attached to 
the cannula and the fluid was collected in large test-tubes under 
oil. 

Normal Values of the Plasma Proteins^ the Inorganic BaseSy and 
the Phosphates of Serum. 

In a previous work from this clinic Linder, Lundsgaard, and 
Van Slyke (16) found the average normal values of the plasma 
proteins per 100 cc. of plasma to be as follows: total protein 6.73 
gm., albumin 4.12 gm., globulin 2.61 gm., and the albumin: 
globulin ratio 1.6. The highest value for total protein was 7.45 
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gm. and the lowest accepted was 6.22 gm., although in one of the 
normal individuals a value of 5.62 gm. was found with an albumin: 
globulin ratio of 1.5. A determination made 6 weeks later on 
the same individual gave 6.84 gm. with the same ratio. The 
albumin: globulin ratio varied between 1.4 and 2. 

Table I shows the values of the inorganic bases and phosphates 
found in seven normal men. The blood was taken in the morning 
before breakfast when they were still in bed. The average values 
of the bases correspond to those of Kramer and Tisdall (2, 3, 9) 
except that of magnesium, which is a little lower. The values of 
the phosphates correspond to those found by Tisdall (14). 

TABLE I 


Content of Inorganic Bases and Phosphates ii% Serum of Normal Adults. 


No 

Na 

K 

Ca 

Mg 

Inorganic P 


m? per 
too cc 

mM, 

mo per 
100 cc 

mM 

m7 per 
W) cc 

mM 

mo per 
100 cc 

» mM 

mo per 
100 cc 

mM 


per 

liter 

per 

liter 

per 

liter 

per 

liter 

per 

liter 

1 

320 

139 

19 7 

5 0 

10 2 

2 6 

1 7 

0 70 

3 6 

1 2 

2 

347 

150 

20 4 

5 2 ! 

10 3 

2 6 

1 8 

0 74 

3 8 

1 2 

3 

335 

146 

20 1 

5 1 

9 7 

2 4 

1 8 

0 74 

3 4 

1 1 

4 

335 

146 

19 2 

4 9 

10 0 

2 5 

1 8 

0 74 

3 6 

1 2 

5 

333 

145 

19 3 

4 9 

10 4 

2 6 

1 7 

0 70 

4 0 

1 5 

6 

331 

144 

19 1 

4 9 

10 1 

2 5 

1 7 

0 70 

3 7 

1 2 

7 

339 

147 

21 8 

5 6 

10 0 

2 5 

19 

0 78 

4 3 

1 4 

Average 

334 

145 

19 9 

5 1 

10 1 

2 5 

1 8 

0 74 

3 8 

1 2 

High 

347 

150 

21 8 

5 6 

10 4 

2 ’6 

1 9 

0 78 

4 6 

1 5 

Low. 

320 

139 

19 1 

! 4 9 

9 7 

2 4 

1 7 

0 70 

3 4 

1 1 


DISCUSSION. 

In the classification of Bright^s disease we have followed the 
direction of Volhard and Fahr (17). The material consists of 
fifteen cases of BngMs disease (three cases of nephrosis, ten cases 
of glomerulonephritis, and two cases of nephrosclerosis) and five 
cases of heart failure. The observations in the cases of Bright^s 
disease with normal plasma protein are found in Table II, the 
results in cases with low plasma protein are recorded in Tables 
III to VII, and those in two cases of uremia are found in Table 
VIII. In patients with heart failure determinations of the 
proteins, calcium, and phosphates were made upon the blood and 
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Diagnosis. 

Acute glomerulonephritis. 

Chronic glomerulonephritis. 

(( (t 

Nephrosclerosis. 

Plasma. 

Protein 

A G 

1 o 

1 1-H 1— 4 

Glob- 

ulin 

CO 05 lO 

gfego LO CO 

O PQ 

Albu- 

mm 

^ cp i>- 

gfego S 25 ^ 

^ -Ttl CO 

Total 

ym 

per 

100 

cc 

7 70 

7 82 

7 25 

7 52 


Serum 

Inorganic P 

mM 

per 

liter 

1 3 

1 3 

1 5 

1 5 

gfcS g ^ 

g R.*-, ^ -rf 

Mg 

mM 

per 

liter 

0 70 

0 74 

0 90 

.-c*. . oo 

S' fe S « 


mM 

per 

liter 

2 7 

2 6 

2 5 

2 5 

t— CO O ^ 

« o o o o 

M 

mM 

per 

liter 

5 6 

4 7 

5 4 

g rS W ^ OO ^ 

<M t— 1 <M 

Na 

mM 

per 

liter 

141 

148 

144 

ii.§8 i MU' 

Date 

ms 

Apr, 24 

« 4 

Oct. 4 

Mar. 2 

1 


ill 

A. R. 
Male. 
32 

H. M. 
Male. 

7 

A. F. 
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TABLE XI 

Calcium^ Phosphates, and Protein Content of Different Body Fluids in Three Cases of Heart Failure. 
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fluid obtained at the same time from the pleura or peritoneum; 
edema fluid also was obtained in three cases and similarly analyzed. 
In two of the cases the other inorganic base^ were determined. 
The results in these two latter cases may be seen from Tables 
IX and X, while the observations in the other three cases are 
recorded in Table XI. The relationship between calcium and 
protein content of different body fluids is seen from Fig. 1. 

It seems obvious, from all the observations in Bright^s disease, 
that there is a parallelism between the changes in plasma protein 
and in calcium content of serum in Bright^s disease. In every 



Fig 1. Relation between calcium and protein per 100 cc. of various 
Ibody fluids in patients with cardial hydrops 


(Case in which low protein was found, there was also a decrease in 
the calcium content. A low plasma protein concentration was ob- 
served in some of the heart cases, and here, too, the calcium 
content of the serum was diminished. Subsequent determinations 
showed that when the protein concentration returned to normal, 
the calcium content rose to normal also. This is seen from Fig. 2 
(nephrosis case) and from Fig. 1, Cases 16 and 18 (heart cases). 
Likewise, whenever a lowered serum calcium was demonstrated 
the plasma protein was found to be decreased. In two cases of 
uremia, however, the calcium decrease seemed out of proportion 
to the drop in protein when compared with the other cases in 
which renal function was relatively unimpaired. This is seen 
^especially well in Case 14 (Table VIII). However, in these 
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cases of uremia there was an enormous retention of phosphates 
and in Case 14 (Table VIII) the decrease in calcium was propor- 
tional to the increase in phosphate. In repeating Binger^s experi- 
ments (13) upon the effects of intravenous injections of phosphates 
on the serum calcium, Tisdall (18) found that when the decrease 
of calcium was established the phosphates increased to about the 
same degree as observed in our uremia cases. It seems very likely 
that the phosphate retention is responsible for the excessive drop 
of serum calcium in uremia. 



Fig. 2. Fig. 3. 

Fig. 2. Relation between calcium and protein in 100 cc. of serum 
(plasma) in a case of acute nephrosis at the time of admission and when 
recovered (Case 5). 

Fig. 3. Relation between calcium and protein per 100 cc of serum and 
edema fluid in Case 7. 

The observations on the calcium content of blood and different 
extravascular body fluids obtained from one case of nephrosis 
(Fig. 3) and from five cases of heart failure with anasarca show a 
close parallelism between the calcium content and the protein 
content. It seems justifiable to conclude that the cause of the drop 
in serum calcium observed in Bright^s disease without uremia is 
the decrease in the plasma protein. The other inorganic 
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show an irregular behavior and may vary in either direction.* 
Ilie deproteinization of the blood does not ^eem to affect these 
bases in any characteristic way. 

It is still an open question in what form calcium exists in the 
blood serum. From dialysis and ultrafiltration experiments in 
vitro it seems to be certain that 50 to 70 per cent of the blood 
calcium is diffusible (Rona and Takahashi, 19; Cushny, 20; von 
Meysenbug, Pappenheimer, Zucker, and Murray, 21 ; Neuhausen 
and Pincus, 22). How much of this diffusible calcium is ionized 
is unsettled. The experiments of Neuhausen and Marshall (23), 


10 

6 

6 

4 

5 
0 



Fia. 4 Relation between diffusible (lower part) and non-diffusible 
(upper part) serum calcium in Cases 7 (nephrosis), 16, 17, and 18 (heart 
failure). 

who Worked with calcium amalgam electrodes, indicate that only 
15 to 25 per cent is ionized. In one of our cases of nephrosis 
(Case 7) and in three of the cases of heart failure, in which the 
calcium was determined in blood and in the practically protein- 
free edema fluid, the dialysis '^experiment'' is performed in mvo 
by nature, and it shows that 55 to 70 per cent of the serum calcium 
is diffusible and is found in the edema fluid (in Case 7, Fig. 3, 
70 per cent; in Cases 16, 17, and 18, Fig. 1, 60, 68, and 55 per 
cent, respectively). The diffusible quota of the total serum cal- 
cium in these cases is seen from Fig. 4, which is charted from the 
data of Figs. 1 and 3. Whether the other 30 to 45 per cent are 

* The magnesium method is not accurate enough to detect smaller 
variations. The potassium values are given with reservation as we often 
have encountered difficulties with the method. Sometimes a precipitate, 
which is not potassium cobalti-nitrite occurs, especially in ascitic or 
chest fluids. 
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bound to protein or to other organic material is not known; but 
the fact that blood calcium is reduced in cases of Bright^s disease 
in which a low plasma protein concentration is found, and the 
parallelism between the calcium and the protein content of dif- 
ferent body fluids indicate that the non-diffusible calcium of the 
blood probably is bound to protein. This protein-bound calcium 
is apparently not ionized to the same degree as the diffusible 
calcium; if the results of Neuhausen and Marshall (23) are correct, 
most of the protein-bound calcium must be unionized. In the 
following paper we have discussed the biological significance of 
the protein-bound calcium. A loss of blood calcium through loss 
of blood protein will probably have no immediate consequence in 
regard to lack of specific calcium action; as the amount of ionized 
calcium remains unchanged, tetany will probably not occur from 
that cause. 

It was observed also that potassium and magnesium were 
markedly lower in the edema fluid than in the blood serum. 
We do not feel justified in drawing any conclusion from the^ few 
observations for reasons stated above.^ It will be noted that 
administration of large doses of calcium by mouth had very 
little effect in raising the calcium content of the serum (Cases 6, 
12, and 13). 

SUMMARY. 

In fifteen cases of Bright^s disease the inorganic bases, the 
phosphates, and the plasma proteins have been studied. In 
four non-uremic cases in which the plasma protein was normal, 
the inorganic bases were also normal. In nine cases in which the 
plasma protein was diminished a marked drop in the calcium 
content was found, while sodium was normal or slightly decreased, 
and potassium and magnesium varied in both directions. In 
two cases of uremia in which the plasma protein was but slightly 
decreased, the drop in calcium was more marked than in the non- 
uremic cases; a great retention of phosphates was found in these 
two cases. 

In five cases of heart failure with dropsy the calcium content 
of different body fluids (serum, chest fluid, ascitic fluid, edema 
fluid) decreased proportionately to the protein content. 
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CONCLUSIONS. 

The decrease in serum calcium found in non-uremic cases of 
Bright^s disease without phosphate retention parallels the decrease 
in plasma protein. It appears that phosphate retention may 
cause a drop irr^the serum calcium in Bright^s disease. The 
diffusible serum calcium is from 55 to 70 per cent of the total 
calcium. The non-diffusible portion is probably bound to the 
plasma proteins. 
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THE RELATION BETWEEN CALCIUM AND PROTEIN OF 
SERUM IN TETANY DUE TO PARATHYROIDECTOMY. 

By HARALD a. SALVESEN and GEOFFRY C. LINDER. 

(From the Hospital of The Rockefeller Institute for Medical Research ) 
(Received for publication, November 12, 1923.) 

It has been shown in the preceding paper (1) that 30 to 45 per 
cent of the serum calcium is non-diffusible and bound to the plasma 
protein, and further that in Bright^s disease the low plasma protein 
concentration causes a decrease in the eerum calcium. In para- 
thyroid tetany there is a marked decrease in the blood calcium 
and it has been shown in recently published experiments (2) that 
all the symptoms of parathyroidectomized dogs are due to calcium 
deficiency, as first maintained by MacCaUum and Vocgtlin (3). 
Several authors have tried to determine whether it is the non- 
diffusible or the diffusible part of the blood calcium which is 
diminished in parathyroid insufficiency. Von Meysenbug and 
McCann (4), working with a compensation dialysis method, found 
the diffusible calcium of the serum in dogs with parathyroid tetany 
to be between 60 and 70 per cent of the total calcium present in 
serum, which corresponds to the figure found by von Meysenbug, 
Pappenheimer, Zucker, and Murray (5) for normal blood. They 
conclude, therefore, that the reduced serum calcium in experi- 
mental tetany is not due to a lowering of the diffusible as con- 
trasted with the non-diffusible form. Cruickshank (6) came to 
the conclusion that the colloidal calcium is greatly reduced in 
experimental tetany, since he found the diffusible calcium to 
amount to 94 per cent of the total calcium in severe parathy- 
roid tetany. He ascribes the loss of colloidal calcium to a rapid 
protein disintegration. The cause of the loss of calcium in para- 
thyroid insufficiency is not known. 

EXPERIMENTAL. 

In order to find out whether the drop in blood calcium found in 
parathyroid tetany is due to a lowering of the plasma protein, 
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as in Bright^s disease, we have followed the serum calcium and 
the plasma protein from day to day in two dogs in which the 
parathyroids (and part of the thyroids) were removed. Phos- 
phates and the other inorganic bases were also determined. The 
methods were the same as those used in the preceding paper (1). 
The parathyroids were removed under morphine (0.04 gm.) and 
ether anesthesia. From Tables I and II it will be seen that the 
calcium decreases following the operation, and that when it has 
passed 7 mg. per 100 cc. of serum (1.75 mM.) tetany occurs. 
As the calcium falls still lower the tetanic symptoms become more 
severe. The plasma proteins remain constant. The other in- 
organic bases show no changes,^ but the phosphates increase. 

TABLE I 

Inorganic Constituents of Serum and Plasma Protein Folloiving 
Parathyroidectomy 


Dog 1 Weight 17 kilos 



Serum 

Plasma protein 


Date 

Na 

Ca 

Mg j 

Inorganic 

P 

I 

d 

g 

d 

x> 

d 

’o 

x> 

S 

Remarks 










H 

'< 

o 


ms 

mo 

per 

100 

CO* 

WM 

per 

liter 

mg 

per 

100 

cc 

WM 

per 

liter 

mg 

per 

100 

cc 

1 

I mM 
per 
liter 

mg 

per 

100 

cc 

mM 

per 

liter 

gm 

per 

100 

cc 

gm 

per 

100 

cc 

gm 

per 

100 

cc 


June 26 

328 

143 

11 2 

2 8 

1 4 

0 58 

3 05 

1 0 

5 72 

3 14 

2 58 

June 27, re- 













moval of 
four para- 
thyroids. 

“ 28 
1.30 p m. 

330 

143 

6 9 

1 7 

1 4 

0 58 

4 7 

1.5 

5 80 

2 95 

2 85 

Tetany; 













twitchings 
of shoulden 
and fore 
legs 

June 29 

336 

146 

6 2 

1 5 

1 3 

0 53 

5 1 

1 6 

5 50 

2 90 

2 60 

More pro- 













nounced 
tetany. Re 













fuses food. 


^ The results of the potassium determinations were not reliable as a 
precipitate occurred which did not dissolve by boiling with the permanga- 
nate solution and sulfuric acid. 
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TABLE II 


Inorganic Constituents of Serum and Plasma Protein Following 
Parathyroidectomy . 

Dog 2. Weight 12 kilos. 




Serum 

Plasma protein 


Date 








Inori 

I 



c 

a 

Kemarks 



Na 

Ca 

Ms 

|anic 

1 

B 

:3 

.o 

3 

Xi 

o 












H 

< 

O 


19iS 


mg 

per 

100 

cc 

WIM 

per 

liter 

mg 

per 

100 

cc 

mM 

per 

liter 

mg 

per 

100 

cc 

mM 

per 

liter 

mg 

per 

100 

cc 

mM 

rer 

liter 

gm 

per 

100 

.cc 

gm 

per 

100 

cc 

gm 

per 

100 

cc 


July 

3 

354 

154 

10 1 

2 5 

1 5 

0 61 

3 4 

1 1 

5 90 

2 80 

3 10 

Parathyroid- 














ectomy 
performed 
after blood 
was taken 
for analysis. 

a 

4 

360 

157 

9 05 

2 2 

1 4 

0 58 

4 3 

1 4 

5 95 

2 79 

3 16 

No tetany. 

n 

5 



7 5 

1 9 



3 3 

1 l' 

5 60 

2 50 

3 10 

i( n 


6 

327 

142 

7 6 

1 9 

1 5 

0 61 

5 4 

1 7 

5 70 

2 85 

2 85 

H C{ 

<< 

10 



4 9 

1 2 

1 1 

0 45 

5 0 

1 6 

6 00 

2 90 

3 10 

Tetany ob- 














served the 
evening of 
July 9 July 
10, violent 














tetany. 


DISCUSSION. 

It is apparent from these results that the decrease in blood 
calcium which occurs after removal of the parathyroids is not due 
to a lowering of the plasma protein. This result is what might 
be expected from theoretical considerations. In parathyroi- 
dectomized dogs the calcium values of the serum go down to 7 
mg. per 100 cc. (1.75 mM.) before tetany occurs and values between 
3 and 4 mg. (0.8 to 1 mM.) are frequently found (2). If the 
protein-bound calcium constitutes at most from 30 to 45 per cent 
of the total calcium, the theoretically maximum decrease of serum 
calcium, due to disappearance of plasma protein, never can exceed 
4.6 mg. of calcium per 100 cc. (assuming 10 mg. as the average 
normal). As the plasma protein remains constant during develop- 
ment of tetany there is no reason to believe that in tetany there 
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is a primary loss of non-diffusible calcium. But as a result of a 
lowering of the concentration of diffusible (and ionized) calcium, 
which probably takes place in parathyroid tetany, the protein- 
bound calcium will also be lowered, as the equilibrium will be 
disturbed. The results of von Meysenbug and McCann (4) and 
those of Cruickshank (6) are easily explained in this way. 
When the lowering of the serum calcimn has passed a certain 
point, probably all the remaining calcium can be accounted 
for in dialysis experiments with the reservations caused by 
the Donnan law of membrane equilibrium. Thus the protein- 
bound calcium acts as a reserve which will furnish a new supply of 
ionized calcium, if this important part of the blood calcium is 
diminished. The symptoms of calcium deficiency, such as tetany 
and increased irritability of muscle and nerve tissues, are due to 
deficiency of calcium ions (Loeb, 7) ; in Bright ^s disease (without 
uremia) the decrease in blood calcium, being caused by the 
diminished concentration of plasma protein, causes no diminution 
of calcium ions and, therefore, produces no calcium deficiency 
symptoms. The loss of blood calcium in tetany, on the other 
hand, is primarily a loss of calcium ions and will, therefore, produce 
symptoms when the decrease in blood calcium has passed a cer- 
tain point. The importance of this discrimination between non- 
diffusible, protein-bound calcium and the diffusible and ionized 
calcium must be emphasized. In all conditions in which a 
calcium decrease in the blood has been demonstiated, the plasma 
protein ought to be determined as an indication of which of the 
two calcium fractions is primarily decreased. 

SUMMARY. 

In two dogs in which the parathyroids were removed and which 
developed tetany, the plasma protein remained constant, while 
the serum calcium decreased. Tetany occurred when it had 
passed below 7 mg. per 100 cc. of serum. This is taken as an 
indication that the calcium decrease in tetany is not due to a 
primary decrease in the protein-bound calcium, but is caused by a 
decrease in the diffusible (and ionized) fraction. It appears prob- 
able from this and the preceding paper that a parallel fall in both 
protein and Ca in the plasma (such as was observed in nephritis), 
with pH and other significant factors normal, affects chiefly the 
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non-ionized Ca; while a fall in Ca with continued normal protein 
content affects chiefly the ionized Ca and may lead to tetany. 
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A COLOR TEST FOR CHLOROFORM AND CHLORAL 
HYDRATE. 


By J H. ROSS 

{Frorn the Forest Products Laboratories of Canada, Montreal, Canada ) 
(Received for publication, October 20, 1923 ) 

Solutions containing chloroform, bromoform, iodoform, or 
chloral hydrate when added to a mixture of aqueous sodium or 
potassium hydroxide and pyridine produce on heating a deep red 
coloration. 

The formation of this color seems to be dependent on the pres- 
ence of the R-CHlg 3 (Hlg = Cl, I, or Br) group, as acid chlorides, 
inorganic chlorides, monochlorobenzene, and benzal chloride do 
not produce it. Chlorinated toluene (containing benzotrichloride) 
reacts similarly to chloroform, etc., while the reaction product of 
acetone and PCI5 does not produce the color. 

The colored compound is soluble in pyridine. It loses its 
color in alcohol. Acids destroy the color which may not be repro- 
duced by rendering the solution alkaline again. 

This test might possibly be used advantageously in conjunction 
with any method of qualitative analysis based on the formation of 
CHCI3, CHBra, or CHI3. In the detection of citric acid by the 
method of Stahre,^ or Wdhlk^ in which bromoform is produced, this 
test shows presence of the bromo form evolved by small amounts 
of citric acid or its salts. 

Quinoline and piperidine do not produce the same color with 
trihalides and alkalies. 


Method, 

3 to 5 cc. of concentrated (17 to 25 per cent) NaOH solution 
in a test-tube are superimposed with a layer 2 mm. thick of pyri- 

^Stahre, L., J. Soc. Chem. Ind., 1896, xv, 53. 

*W6hlk, A., Z. anal, Chem,, 1902, xli, 77. 
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dine. A small quantity of the substance or a drop of ihe solution 
to be tested is added and the contents of the tube are raised to the 
boiling point, shaking well to avoid bumping. the color has 
not appeared when the mixture has boiled a few seconds, the test- 
tube should be shaken vigorously and then held still until the 
pyridine layer has risen to the surface. If CHCI3, etc., are 
present the pyridine will be colored from a pink to a clear deep 
red. 

0 1 cc of 0 0014 per cent solution of chloral hydrate gave dark red — posi- 
tive for quantities below 0 014 mg. 

CHCI3 was detected in amounts of 0 005 mg. 

SUMMARY. 

The red color produced on heating chloroform, bromoform, 
iodoform, and chloral hydrate with aqueous NaOH and pyridine 
may be used to identify these compounds; and, further, to identify 
substances which produce these compounds under given condi- 
tions and in amounts inferior to 0.005 mg. 

Piperidine and quinoline do not produce this color. 

The test may apply only to substances which contain the 
grouping R-CHlga. 



THE DIRECT DETERMINATION OF THE SECONDARY 
PHOSPHATE.* 

By I. NEWTON KUGELMASS and CARMEN ROTHWELL. 

{From the Department of Pediatrics, Yale University, New Haven ) 
(Received for publication, October 18, 1923.) 

The present method for the direct determination of secondary 
phosphate was necessary to afford sufficient experimental data 
for the evaluation of the constants in systems containing the ions, 
Ca++, H+, HCO3-, C03“, HPOr, H2PO4-, and PO^ ( 1 ). Such 
a method is suitable to determine the distribution of the phos- 
phates in solutions in which the hydrion concentration cannot be 
determined either electrometrically or colorimetrically. A re- 
agent suitable for the precipitation of secondary phosphate re- 
quires that: (a) it precipitate the secondary phosphate ion com- 
pletely and quantitatively at any hydrion concentration of the 
solution; (6) it shift no equilibria in the direction of conversion 
of the secondary phosphate ion from the reserve of primary 
phosphate; and (c) it precipitate no primary phosphate ion. 

Reactions of Calcium Salts with Phosphates . — The calcium salts 
that precipitate the phosphate ions are; (1) those of the weak 
acids which precipitate the primary phosphate but not the 
secondary, e.g. 2NaH2P04 + SCaCOs Cas (P04)2 + Na^COs + 
H2O + 2CO2; (2) those of the weak volatile acids which do not 
precipitate the secondary phosphate; they precipitate the primary 
phosphate and also displace the equilibrium of the system in the 
direction of formation of secondary phosphate ion from the pri- 
mary due to the escape of a volatile product during the reaction, 
e.g. 2NaH2P04 + CaS Na2HP04 + CaHP04 + H2S; ( 3 ) those 
of strong acids which react with secondary phosphate, without 
affecting the primary phosphate, e.g. 4Na2HP04 + 3CaS04 
Ca3(P04)2 + 2NaH2P04 + 3Na2S04. The phosphorus of the 
secondary phosphate is equally distributed between the tricalcium 

* Aided by a grant from the Loomis Fund. 
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phosphate and the monosodium phosphate. The primary phos- 
phate is formed as a result of this reaction and the presence of 
Hj^P 04“ in the system does not shift the equilibrium to form 
HPO4’" because the reverse process occurs. Therefore, precipita- 
tion of secondary phosphate by CaS04 satisfies the necessary 
conditions given above. Chemical and physicochemical studies 
were therefore made of the exact reacting components in such an 
equilibrium and its application to the quantitative determination 
of secondary phosphate in aqueous solutions. 

Preparakon of Materials . — Conductivity water was obtained by 
redistilling water through a block tin condenser from alkaline 
permanganate. 

Calcium sulfate was prepared by addition of dilute sulfuric acid 
to calcium chloride. The addition was gradual to prevent the 
formation of coarse lumps of sulfate. The precipitate w’as washed 
with water on a Buchner funnel and dried by suction. The 
hydrion concentration of the saturated solution of CaS04 is 
0.26 X 10“^, due to slight hydrolysis. The ideal reagent should 
be neutral in reaction, but its slight alkalinity causes no difficulty 
because CaS04, which has no buffer value, is added to phosphates 
which buffer well 

Monopotassium phosphate (KH2PO4) — the c p salt was 
recrystallized twice from distilled water and dried to constant 
weight at 120°. 

Disodium phosphate (Na2HP04 2II2O) was prepared by the 
method of Hansen (2) 

Analysis of the Precipitate from CaP^O^. and Na^HPO ^. — A 0.03 n 
CaS04 is a saturated solution at 25° and contains 2 04 gm per 
liter too cc. of this solution were added to 100 cc. of a 0.03 n 
Na2HP04, warmed on a hot-plate at 60°, and filtered hot. The 
resultant precipitate was washed with half saturated CaS04 at 
60°, then with warm distilled w^ater, and finally dried to constant 
weight. The heating was not carried beyond 60°C. because 
gypsum is the stablest of the calcium sulfates and in aqueous 
solution remains stable to 66° when it passes into the anhydride. 
The averages of two determinations yielded 54.0 per cent CaO 
and 45 1 per cent P2O6 as the percentage composition of the 
precipitate. These values are in good agreement with those 
theoretically required for Ca3(P04)2, 54.2 per cent CaO and 
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45.8 per cent P2O6. The average weight of precipitate was 
0.0716 gm. or 93 per cent of the theoretical value. 

Conductivity Measurement of the Reacting System: CaSOi + 
NchHPOi . — To determine what reaction takes place between the 
two components and their ions, conductivity measurements were 
made (3). The usual Kohlraush method was used for systems 
containing varying quantities of saturated calcium sulfate and 
0.01 N Na2HP04 immediately after mixing in the thermostat 
at 25®, and in systems after bringing to 60® on a hot-plate and 
cooling to 25® in the thermostat. The cell of the dipping electrode 
type, standardized by a 0.01 N KCl, showed a cell constant of 
0.225, and was kept in the thermostat during the determination. 


TABLE I 

Specific Conductivitij of Mxxiwefs of CaSOi and Na‘iHPO\ at 25°. 


Saturated CaS 04 solution 

Specific conductance in mhos X 

Immediately after 
mixing * 

After T^arm 
60 “C 

cc 

mg 



5 

10 

3 34 

3 3^ 

10 

20 

3 48 

3 4( 

15 

30 

3 70 

3 g: 

20 

40 

3 88 

3 7f 

25 

50 

4 02 

3 9 ; 

30 

GO 

4 38 

4 2i 

35 

70 

4 72 

4 G( 

40 1 

80 

4 93 J 

4 8' 


The data in Table I show that equilibrium is rapidly attained 
with CaS04 regardless whether or not the transformation of the 
secondary phosphate is complete. When the data are plotted 
with conductivities as ordinates and varying volumes of CaS04 
as abscissiB the curve shows a distinct break at 50 mg. of CaS04 
and 70 mg. of Na2HP04. Calculation from the equation requires 
51 mg. of CaS04 for the ratio of 4Na2HP04:3CaS04. Hence this 
equation, from among others possible, is established. This equi- 
librium has been previously shown by analysis to yield 93 per cent 
precipitation. 

The Conditions for Complete Precipitation of Secondary Phos- 
phate, — A study was made to determine the optimum conditions 
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for quantitative transformation of the secondary phosphate. An 
excess of CaS04 shifts the equilibrium to complete precipitation 
according to the mass action principle and prevents the formation 
of the unstable system: 4CaS04 + 4K2HPO4 Ca3(P04)2 + 
Ca(H2p04)2 + 4K2SO4 and also prevents the hydrolysis of the 
normal Ca3(P04)2. 

The optimum excess of CaS04 necessary for complete precipi- 
tation of m/15 Na2HP04 was determined. To 5 cc. of Na2HP04, 
containing 10 mg. of P, increasing quantities of saturated CaS04 
were added. The solution was shaken and warmed on a hot- 
plate at 60 °C. for a few minutes. The precipitate was filtered 
hot, washed with warm half saturated CaS04 solution, and finally 
dissolved on the filter paper with warm 10 per cent HNO3. The 


TABLE II 

The Effect of Increasing Concentrations of CaSO\ on the HPOi Determination. 


CaS04 

i HPO 4 

P in precipitate 

P m filtrate 

Error m 
precipitate 

cc 

mg P 

mg 

mg 

per cent 

5 

5 

4 2 

6 0 

16 0 

10 

5 

4 4 

6 1 

12 0 

15 

5 

4 7 

5 4 

6 0 

20 ^ 

5 

4 8 

5 0 

4 0 

25 

5 

5 1 

5 0 

2 0 

30 

5 

5 0 

5 0 

0 0 

35 

5 

5 0 

5 0 

0 0 


volume of the resulting solution was made up to 25 cc. Duplicate 
phosphate determinations were then made colorimetrically on 
both filtrate and dissolved precipitate by Briggs’ modification 
of the Bell-Doisy method ( 4 ). 

The data, given in Table II, show that an amount of CaS04 
equivalent to five times the secondary phosphate gives the 
theoretical values for complete precipitation of the phosphate. 

In order to determine whether this procedure was valid in the 
presence of primary phosphate a similar series of determinations 
was carried out following the same procedure with the varying 
mixtures of primary and secondary phosphate as indicated in 
Table III. 

The data show that in the ratio of 1:19 or 19:1 primary phos- 
phate does not interfere with the determination of secondary 
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phosphate. The minimum amount of HPO4 that can be recovered 
quantitatively is about 0.05 mg. with an error of ±5 per cent. 

Procedure for the Determination of Secondary Phosphate . — To 
1 cc. of a solution containing at least 0.05 mg. of P as HPO4 in a cen- 
trifuge tube add 5 cc. of saturated CaS04. Put the tube in a water 
bath at 60° for a few minutes. Centrifuge, blow off the super- 
natant liquid, and wash the precipitate twice with warm half 
saturated CaS04 solution. Dissolve the final residue with 10 per 
cent HNO3. Make up the volume to 10 cc. and in an aliquot 
portion determine the phosphorus by Briggs^ modification of the 
Bell-Doisy method (4). The value of phosphorus obtained colori- 
metrically multiplied by two equals the* phosphorus of the 
secondary phosphate. 


TABLE III 

The Effect of Increasing Concentrations of H-iPO^ on the HPOi Determination. 


10 cc of solution of phosphates 

CaS04 

P 

Calculated 

Error 

(HPO 4 ) 

(H 2 PO 4 ) 


P 


cc 

mg 

cc 

mg 

cc 

mg 

mg 

per cent 

0 25 

0 5 

9 75 

19 50 

50 

0 24 

0 25 

5 0 

2 00 

4 0 

8 00 

16 00 

50 

2 10 

1 2 00 

5 0 

5 00 

10 0 

5 00 

10 00 

50 

5 12 

5 00 

2 3 

8 00 

16 0 

2 00 

4 00 

50 

S 05 

8 00 

0 6 

9 50 

19 0 

0 50 

1 00 

50 

9 65 

9 50 

1 6 


The method has likewise given reproducible results upon addi- 
tion of 5 cc. of aqueous saturated CaS04 to 1 cc. of solution con- 
taining at least 0.05 mg. of P as HPO4 in a small Erlcnmeyer flask, 
warming at 60°, filtering on hard filter paper, and washing several 
times with warm half saturated CaS04. The precipitate is finally 
dissolved with 10 per cent HNO3 and collected in a measuring 
flask, and an aliquot portion used for the phosphorus determination. 

If a simultaneous determination of total phosphate is made, 
the ratio of the primary and secondary phosphates and hence the 
hydrion concentration can be calculated. 

SUMMARY. 

Saturated CaS04 is a precipitant of the secondary phosphate 
forming calcium orthophosphate according to the equilibrium 
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equation: 4K2HPO4 + 3CaS04 ^ Ca3(P04)2 + 2KH2PO4 + 
3K2SO4. This equation was confirmed by analysis of the pre- 
cipitate as well as by conductivity measureriients. A simple 
method has been devised for the direct deterfnination of the 
secondary phosphate containing at least 0.05 mg. of P as HPO4 
in the presence of twenty times the amount of primary phosphate 
in solution, with an error of ±5 per cent. 
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THE DETERMINATION OF THE EQUILIBRIA INVOLVING 
CALCIUM, HYDROGEN, CARBONATE, BICARBONATE, 
AND PRIMARY, SECONDARY, AND TER- 
TIARY PHOSPHATE IONS.* 

By I. NEWTON KUGELMASS and A T. SHOHL 
{From the Department of Pediatrics j Yale University ^ New Haven ) 

(Received for publication, October 18, 1923 ) 

Quantitative equilibrium relations have been developed for 
the ions, Ca++, H+, HC 07 , COT, HPOr, H2PO7, and POf, 
and expressed in a single equation. The equilibrium constants 
have been determined experimentally under conditions within 
physiological limits. This system of calcium salts has been 
selected because (a) their 10ns are involved in the physiology and 
pathology of bone calcification and of nervous irritability {e,g. 
rickets and tetany) ; {b) these ions have not been included in other 
studies of electrolyte equilibria ( 1 ) since the calcium and phos- 
phorus are too small to afTect the osmotic and hydrion equilibria 
of the blood. However, the hydrion concentration directly affects 
the ionization of the calcium salts of this system. The general 
character of this equilibrium is such that a change made in the 
concentration of one of the components produces measurable 
changes in all the others. With a kno\\ ledge of the equilibrium 
constants of these ions one can predict changes in the ionic con- 
centrations in the blood as well as in other aqueous systems. 

THEORETICAL. 

Derivation of Equatiom . — At the hydrion concentration of blood, 
cor and PO7 are negligible and so the equilibria involve only the 
ions, Ca++, H+, HC 07 , HPO7, and H2PO7, and the molecules, 
CO2, H 2 CT) 3 , (^a(HCX) 3 ) 2 , (^allPOi, and Ca(H2P04)2. Such a 
system may be evolved theoreticall}'' by adding to water in 

* Aided by a grant from the Loomis Fund 
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Ca++, H+, HCO3-, HPOr, and H^POr 


sequence: (a) carbon dioxide, (b) calcium carbonate, and (c) 
disodium phosphate. 

(a) Carbon dioxide gas dissolved in water yields carbonic acid 
and its products of dissociation. 

CO^Cgas);;:^ CO, (dissolved) +H 20 ^H,C 03 H+ +00^ 

Applying the law of mass action and denoting the molecular and 
ionic concentrations by enclosing their formulas within brackets, 
the following equations are obtained. 

KjCOj = [H,COj (1) 

K, [H,CO J = [H+J [HCO 7 ] (2) 

K,[HC0r] = [H+].[C03=] (3) 

Ko, Ki, and K 2 are the equilibrium constants of carbon dioxide 
in water. 

(b) Calcium carbonate introduced into a solution containing 
carbonic acid causes the following additional equilibria. 

CaCO,(solid)::=±CaCO/di 6 Solved)-fH,C 03 :;±Ca(HC 03 ),^Ca++ 2 HC 07 

Ca++ + CO 7 


Applying the laws of mass action we obtain 

[Ca++].[C0r] = K 3 (4) 

and 

K, [H,C 03 ] = [Ca++] . [HCO~]* (5) 


Equation (5) may likewise be derived by dividing equation (3) 

K K 

into the product of equations (2) and (4) so that K 4 = - 

The desired relationship between Ca++, H+, and HCOr follows 
at once by dividing either equations (5) by (2) or (4) by (3). 


[Ca++].[HCOr] _ K, 

[H+] “ K, “ K, “ ’ 


( 6 ) 


or 


[Ca++] - K,. 


[H+] 

[Hcor] 


(6 a) 
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As a matter of fact equation (6) follows at sight by applying the 
mass action law to the very evident equation : 

H+ + CaCO, (solid) :?± Ca++ + HCO 7 

The lengthy development, however, has been presented so that the 
equilibrium constants could be calculated from others that are 
defined in the literature. 

(c) Disodium phosphate introduced into the aqueous solution 
of carbonic acid produces additional equilibria. 

Na,IIPO^(di 88 olved) 2Na+ + HPO“ + HjCO, ;=± Na+ 

+ HCO 7 + Na+ + H.PO 7 


It follows then that 


[H, CO„]-[HPOr ] ^ 
[HC07l-[H,P07] 


Replacing [HjCOa] by its equivalent from equation (2) we get the 
equilibrium constant for secondary phosphate. 


[H+]-[HPOrI 

[H,POr] 


K,-K. 


K, 


( 8 ) 


Multiplying equations (5), (6), and (7) we obtain 


[Ca++]*-[HC07]’-[HP07 

[H+].[H,POr] 


=K, K, K 




K, = (KJ*.K,=.K, (9) 


Also this equation follows directly by inspection from a system of 
reacting components expressed by the equation: 


2 CaC 03 (solid) + H+ + H,P07 ;=±Ca++ + 2HCO7 + Ca++ + HPOr 

This equation is expressed in terms of the ratio of phosphates. 
For systems in which the total phosphate concentration varies, 
further relationships must be derived. From equation (8) it 
follows that 


[HPOf] K, 
[H.POr] “ [H+] 


( 10 ) 
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and 


[HPOr] + [H,POr] _ K, -f [H+] 

[HPOrJ “ K, ^ 

Dividing through equation (11) by [Ca++] we obtain 

[HPOr] + [H,P07] _ K , + [H+] 

[Ca++] [HPOJ “K,-[Ca++] ^ ' 

Substituting the solubility product constant 

[Ca++] [HPOr] = K, (12) 


and solving the equation for total ionic phosphate, we obtain 


or 


[HPOr] + [H,P 07 ] = (13) 

“ [HPorl+lipof] + 'ktO 


This equation expresses the equilibrium in terms of the sum of the 
primary' and secondary phosphate ions and serves as an inde- 
pendent method of arriving at the solubility product constant of 
CaHP 04 . However, the ratio of the phosphates is a function 
of the hydrion concentration, and a known value of one phosphate 
determines the amount of the other. Therefore, the secondary 
phosphate, which constitutes about 85 per cent of the total 
phosphates under physiological conditions, expresses simpler 
relationship with the ions in the system. 

Multiplying equation (6) by (12) we obtain 


[Ca++]" [HCO^J.flTPOr' 
[H+] 


-K,K,.(|)K..(|i)K..K,. (.4) 


This relation follows directly by inspection from a system of 
reacting components expressed by the equation 

CaCOg (solid) + CaHPO, (solid) -f- H+ Ca++ + 11007 + Ca+ ^ -f IIPO 7 



I. N. Kugelmass and A. T. Shohl 


653 


Systems studied^ under conditions in which the tertiary phosphate 
ion concentration is significant, may be expressed by the following 
relations. 

Multiplying 

[Ca++j^ [POf]^ (15) 


which represents the solubility product of Ca 3 (P 04 ) 2 , by equation 
(14) we obtain 


[Ca++]‘ [HCO7] [HPOr] fPOf]" 

[H+] 




(16) 


Since the solubility product constant is as yet not accurately 
known, we may eliminate this constant by utilising the values of 
the third dissociation constant of n 3 P 04 . This value may be 
written 


[ H+] [VOf] 
[HPO7I 


( 17 > 


Multiplying the square of equation (14) by equation (17) we 
obtain 


[Ca++Y [110071^ [HPOr] [PO7] 
lH+] 


(K,.KJ“.K., = K., 


(18) 


Systems in which the P07 concentration is significant likewise 
contain COT in appreciable amounts. The equation expressing 
all the ions under consideration follows by multiplying equation 
(4) by (18). 


[Ca++]’dHC07]^ • [CO 7 ] [HPOrldPOf ] 
[H+] 


= = (19) 


These equilibrium equations for the ionic components of the car- 
bonates and phosphates of calcium must hold no matter what 
other coexistent species^ — aggregated, associated, molecular, or 
ionic — may be present. 


^ At the suggestion of Dr Holt who is determining the solubility product 
constant of the tertiary calcium phosphate we have developed the equilib- 
rium relations for these ions coexisting withPO^. 
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EXPERIMENTAL. 

Method of Procedure , — The various equilibrium constants, 
governing the relations among the coexisting ions in question, 
were evaluated from experimental data. Calibriited tonometers 
were three times evacuated, filled with hydrogen, and again 
evacuated. According to the technique of Austin and coworkers 
(2) definite volumes of the necessary solutions and calculated 
amounts of CO 2 were added. The tonometers were finally filled 
with hydrogen at atmospheric pressure and rotated at least an hour 
in the electrically regulated water bath at 38 ± 0.02° to attain 
equilibrium. Samples of the gas phase were taken out of some of 
these tonometers and CO 2 determinations made to check the 
calculations. Samples of the contained liquid phase were trans- 
ferred under oil into centrifuge tubes, and after centrifugation 
analyses were made immediately for total CO 2 , total calcium, total 
phosphate, secondary phosphate, and hydrion concentration. 

Methods of Determination of the Components — The hydnon concentration 
was determined electrometrically The apparatus consisted of a Leeds 
and Northrup direct reading potentionomcter of low resistance; enclosed 
lamp and scale galvanometer, a Weston standard cell certified by the 
Bureau of Standards with a voltage of 1 01896 serving as a basis for all the 
electrical measurements, saturated KCl-calomel and hydrogen cells and 
electrodes and platinized platinum electrodes The measurements were 
standardized daily by a 0 05 n KH phthalate solution (3). Hydrogen was 
passed through the cell previous to the introduction of a sample from the 
tonometer The hydrogen cell was rocked until constant equilibrium 
values were obtained and the molar concentration of hydrion read directly 
from a plotted cur e which related the Ch to the e m f. 

Total Calcium cc of the centrifuged sample under oil WJEts pipetted 
into a 15 cc centrifuge tube and determined according to the method of 
Kramer and Tisdall (4) which one of the authors (5) has shown to be a safe 
procedure in the presence of phosphate within the range of the hydrion 
concentration studied 

Total Carbon Dioxide — 1 cc of the liquid phase kept under albolene 
was analyzed for total CO 2 by the method of Van Slyke and Stadie (6). 

Carbon Dioxide of the Gas Phase — Samples of the gas phase were ana- 
lyzed for CO 2 by the Haldane-Henderson apparatus (7). 

Inorganic Phosphates — These were determined on 1 cc. of the sample 
kept under oil by Briggs’ modification of the Bell-Doisy method (8). 

Secondary Phosphate — Secondary phosphate was determined on 1 cc. of 
the sample kept under oil by a method reported in a separate paper (9). 
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Preparation, and Analysis of Materials. — Conductivity water was ob- 
tained by redistilling water made alkaline with KMn 04 through a block 
tin condenser and was kept in Pyrex flasks free from CO 2 

Sodium bicarbonate was prepared by the method of Auerbach and 
Pick (10). Test — 0.1586 gm. of the salt in conductivity water, titrated 
with methyl orange as indicator, required 19 01 0.1 cc of 0 1 n HCl. 

This IS in good agreement with the theoretically required amount, 18 88 cc. 

Disodium phosphate (Na 2 HP 04 ) was crystallized twice from distilled 
water by adding an equal volume of 95 per cent alcohol and cooling in 
ice water. The solution was stirred constantly until crystallization was 
complete Two liquid phases appear on addition of alcohol and crystal- 
lization takes place at the junction of the two liquid phases As crystalli- 
zation proceeds the upper phase disappears, leaving but one phase when 
precipitation is complete The crystals were filtered on a Buchner funnel 
with suction, washed with alcohol, and dried under 20 to 30 mm of pressure 
at 100°, thus yielding the pure product Na 2 HP 04 2 H 2 O (11). 

Calcium carbonate was prepared by bubbling CO 2 into a concentrated 
solution of calcium hydroxide at room temperature and washing and drying 
the resulting precipitate Stable calcite was thus obtained The carbon- 
ate was added to conductivity water free from CO 2 m a Pyrex flask con- 
nected to a C02-free burette A current of COx-free air was then drawn 
through the solution to remove the last traces of CO 2 

Secondary calcium phosphate (CaHP 04 ) was prepared by adding 
gradually a solution of disodium phosphate to an excess of a solution of 
calcium chloride and washing the resultant precipitate with calcium 
chloride and finally with distilled water. The solubility product constant 
of CaHP 04 at 38°C. will be reported in a separate paper (12). 

Mercurous chloride was prepared electrolytically according to the 
method of Lipscomb and Hulett (13) from redistilled mercury and constant 
boiling 1 0 N HCl, prepared according to the method of Hulett and Bonner 
(14). The calomel obtained, heavily laden with finely divided mercury, 
was washed free from acid with conductivity water and then with saturated 
KCl Portions of this calomel were added to solutions of saturated KCl 
for mutual saturation and the clear solution was decanted into the calomel 
vessel 

Mercury — Redistilled mercury was first shaken in a separatory funnel 
with a 10 per cent solution of mercurous nitrate, acidified with nitric acid, 
and then sprayed into a long column of the same solution and finally 
redistilled by Hulett’s method (15) 

Experimental and Calculated Data — The methods of calculation of the 
factors involved in the equilibrium equations are presented to interpret 
the tables given below. 
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TABLE I 

System: Calcium Carbonate-Calcium Bicarbonate-Carbon Dioxide. 



Total 

CO 2 

FreeCOa 
[H 2 CO 3 J 1 

Total Ca=» 
total 

Ca(HC03)2 

[Ca++] - 
llHCOal 

H+ ‘ 

K4l0» 

K 5 

atmosphere 

mols/l 

«C02 _ 1 

mols/l 

mols/l 

mols/l 



0 0263 i 

0 0053 

0 00068 

0 0023 

0 00200 

0 50-10-7 

4 71 

160 

0 0526 

0 0071 

0 00136 

0 0029 

0 00250 

(0 48 10-7) 

4 61 

(260) 

0 0790 

0 0086 

0 00208 

0 0033 

0 00280 

1 11 10-7 

4 22 

142 

0 1050 

0 0099 

0 00278 

0 0036 

0 00300 

1 32-10-7 

3 89 

136 

0 0263 

0 0048 

0 00066 


0 00180 

0 46 10-7 

3 55 

141 

0 0523 

0 0075 

0 00136 

0 0031 

0 00255 

0 71 10-7 

4 88 

181 

0 0785 

0 0086 

0 00208 

0 0033 

0 00275 

1 14-10-7 

4 00 

133 

0 1005 

0 0108 

0 00278 

0 0039 

0 00330 

1 45-10-7 

5 17 

150 


partial pressure of CO 2 , either measured or calculated, 
expressed in atmospheres 

Total CO 2 IS the volume of CO 2 measured in the Van Slyke apparatus 
at the recorded temperature and pressure, reduced to standard conditions. 

the absorption coefficient of COo, is the ratio of the volume of CO 2 
dissolved (reduced to 0°) to the volume of the water The value of this 
ratio for 38° used throughout this work is 0 58 (16) This ratio is, in ac- 
cordance with Henry’s law, independent of the pressure under the con- 

ditions of the experiments - is the value in mols per liter of CO 2 

dissolved in pure water Salts cause a change in the solubility of CO 2 
and hence in aco: The coefficients given were read from curves plotted 
from Bohr’s data (17) for NaCl solutions, with the assumption that the 
coefficients of CO 2 in our systems are the same as in NaCl of the same 

equivalent concentrations The value of at 38° is 0 026 




C02 


IS the molal concentration of the dissolved CO 2 


H2CO3 calculated in this way involves the assumption that CO 2 does not 
exist as such in solution but hydrated as C02*H20 or H2CO3, a fact sub- 
stantiated by the present work 

Total Ca(HC 03)2 expressed in mols per liter, equals (a) total Ca in 

total ICO2] - [H2CO3] ^ ^ 1 1 , • M 

mols per liter, or where calcium bicarbonate is the 

total[C02]-([NaHC03l+[H2C03l) ^ 

calcium component, ( 0 ) where NallCOs 


is also present; (c) total [Ca] ~ ([CaHP 04 ] -f [Ca (H 2 P 04 ) 2 ]) where phos- 
phates are present. 



TABLE 

System Calcium Carbonate-Calcium Bicarbonate-Sodium Bicarbonate-Carbon Dioxide. 
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tS 

§S§ 2 S S iS 

r-H T— < r— ( 

g 

4 09 

3 25 

3 96 

3 46 

3 80 

4 87 

5 82 

W 

fr- 
it 1 1 1 I 

^ 0 0 0 0 g 0 

"2 1-^ CO CO CO Oi 

S t-H CO cr> 

00000 0 

Total HCOj 

mcU'l 

0 01208 

0 01201 

0 01272 

0 01286 

0 00708 

0 00810 

0 00904 

s „ 

mols, 1 

0 01170 

0 01170 

0 01170 

0 01170 

0 00608 

0 00608 

0 00608 

1 

Concen- 
tration of 
NaHCOs 

mols, 1 

0 0150 

0 0150 

0 0150 

0 0150 

0 0075 

0 0075 

0 0075 

\\ 

26 o 

O C!j 

o 

mols/l 

0 00019 

0 00030 

0 00051 

0 00058 

0 000.50 

0 00101 

0 00148 

It 6 

,6 

O C 3 

H O 

1 

mols 1 

0 00024 

0 00035 

0 00060 

0 00069 

0 00059 

0 00114 

0 00170 


“C 02 1 

0 00068 

0 00136 

00020 s 

0 00278 

0 00066 

0 00136 

0 00208 

Total CO2 

mois/i 

0 0160 

0 0169 

0 0180 

0 0190 

0 0077 

0 0111 

5 

u 

pH 

atmosphere 

0 0263 

0 0526 

0 0790 

0 1050 

0 0263 

0 0526 

0 0790 



658 Ca++, H+, HCO 3 -, HPO;, and H^POr 


yvCa{HCOz)i is the degree of dissociation obtainW from the experi- 
mentally determined values for the corresponding solutions of Ca(H 2 C 802 )i 
(18). The validity of such procedure follows from Noyes' rule “that the 
degree of ionization of a salt in a mixture is practically equal to that of a 
salt of the same valence type at the same total ion concentration." The 
values of y ranged from 0 82 to 0 92 as read from curves plotted for the 
systems under consideration. 

yiNaHCOz 18 0 78 for 0 015 m and 0 81 for 0 0075 m NaHCOa. 
yzCaHPOi IS 0 62 to 0 66 for the given concentrations as calculated 
from conductivity data (19) 

\[HiPO\] in mols per liter is the difference between the total measured 
phosphorus and the measured molal HPO4 


TABLE III— System' Phosphates and 







Bicarbonates 

PCOS 

Total CO 2 

Free CO 2 
IH 2 CO 3 ] 

Total Ca 

Total P 

[Ca^-l - 
} lHco;l 

Ca(HCOs )2 

NaHCOi 

added 

Hco; 

from 

NaHCOi 

atmo" 

sphere 

mols /I 

Q!C02 

mols/l 

mols/l 

mols/l 

mols/l 

mols/l 

mols/l 

0.0230 

0 00430 

0 00068 

0 00235 

0 00064 

0 00160 

0 00174 



0 0526 

0 00565 

0 00136 

0 00262 

0 00050 

0 00195 

0 00214 



0 0725 

0 00630 

0 00191 

0 00270 

0 00046 

0 00200 

0 00220 



0 0790 

0 00699 

0 00205 

0 00285 

0 00044 

0 00220 

0 00244 



0 0945 

0 01278 

0 00246 

0 00200 

0 00069 

0 00126 

0 00137 

0 0075 

0 00608 

0 0989 

0 01305 

0 00264 

0 00215 

0 00081 

0 00132 

0 00143 

0 0075 

0 00608 

0.1121 

0 01385 

0 00303 

0 00232 

0 00078 

0 00151 

0 00164 

0 0075 

0 00608 

0,1410 

0 01520 

0 00381 

0 00250 

0 00064 

0 00176 

0 00193 

0 0075 

0 00608 


[HPOI] 

is obtained directly from the given measured 

values and this ratio calculated follows from equation ( 9 ) by substituting 
appropriate values for the hydrion concentration 

Estimation of the Average Error — The average errors in analysis of the 
components of the liquid phase were approximately within the following 
ranges: 1 per cent for the total CO*, 1 per cent for the hydrion concen- 
tration; 4 per cent for HPO 4 , 4 per cent for total P; and 4 per cent for total 
Ca. Analysis of the gas phase at the end of saturation by the Haldane- 
Henderson apparatus is accurate to about 0.1 vol. per cent. The corre- 

0.10 

spending tension at 38® and 760 mm. is “ (760-49) = 0 7mm. of Hg. The 
average difference of tensions calculated and analyzed was within 1 mm. 
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We may calculate the degree of uncertainty of the equilibrium constant for 
the complete equation (14). If d(Ca) is an error in [Ca"*”^], then the error 


6K 

in K is •d(Ca), and similarly for each of the other factors. The 

general equation from which the average range of error may be calculated 
IS derived by (a) converting the equation into logarithmic form since 


~ = d(log K), (b) partially differentiating with respect to each of the 

components; and (c) summatmg the differentials, squaring, and solving 
dK 

for — which on substitution yields an average range of error of ± 10 
per cent. 


Calcium at Various Carbon Dioxide Tensions 


rhoaphatee 

Total 

Ca^ 

H+ 

K 4 IQS 

Ks 

K# 108 

Kb 108 

Kio 10* 

i 

(Ca++J- 

IHPO 7 I 

(Ca+^l- 

l(H*PO:i 

lHPO;l/|H,PO:i j 

0 

3 

0 

From equation (13) 

Deter- 

mined 

> Calcu- 
lated 


moU/l 

moUjl 



moUll 

mols/l 







1 

0 00036 

0 000043 

4 7 

4 5 

0 00200 

0 53 10“7 

3 01 

120 

72 

73 

3 63 

1 4 45 


0 00028' 

0 000033 

4 2 

4 1 

0 00226 

0 

00 

0 

1 

2 53 

152 

70 

63 

5 62 

9 63 


0 00025 

0 000040 

2 8 

2 6 

0 00229 

0 90-10-7 

2 00 

102 

58 

55 

2 92 

5 83 


0 00023 

0 000045 

2 7 

2 5 

0 00248 

0 96 10-7 

2 35 

114 

90 

57 

3 35 

6.48 


0 00034 

0 000080 

2 1 

2 0 

0 00168 

1 20-10-7 

5 05 

121 

61 

70 

3 66 

6 88 


0 00040 

0 000100 

2 0 

1 9 

0 00182 

1 25-10-7 

5 28 

128 

80 

72 

4 06 

9 78 


0 00038 

0 000100 

1 8 

1 7 

0 00199 

1 40-10-7 

5 44 

130 

65 

75 

4 22 

9 28 


0 00030 

0 000090 

1 7 

1 5 

0 00215 

1 60 10-7 

5 20 

129 

75 

62 

4 53 

8 32 


Resvlts.— Three series of experiments were done on systems 
equilibrated in tonometers at 38° at CO 2 tensions varying from 17 
to 110 mm., according to the procedure outlined above. The 
first series of eight experiments was made on the system, 
CaC 05 -Ca(HC 03 ) 2 -C 02 (Table I). The second series of seven 
experiments was done as above with the addition of 0.0075 and 
0.015 M NaHCOa (Table II) . The third series of eight experiments 
was carried out on systems which contained, in addition to CaCOi, 
Ca(HCOs) 2 , NaHCOj^ and CO 2 , the components CaHPO and 
Ca(H 2 P 04)2 (Table III). The values of the equilibrium con- 
stants K 4 and Kb are derived for each experiment in Tables I, II, 
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and III ; Kg, K9, and Kio are obtained from the data in Table III. 
The average values of the equilibrium constants, are summarized 
in Table IV. 


TABI,E IV 

Average Values of the Equilibrium Constants from the Experimental Data 



K 4 105 

lu 

Kb 108 

Ks 10» 

Kio 10* 

Values . . 

No. of determina- 

4 14=i=0 14 

133=^3 

67=t:7 

4=t:0 4 

7 6=t0 6 

tions 

23 

21 

20 

8 

8 


DISCUSSION OF EQUILIBRIUM CONSTANTS. 

Some of the equilibrium constants involved are known accu- 
rately and others may be interpolated. These may be compared 
with the values experimentally obtained. 

Kij the first dissociation constant of carbonic acid, is the true 
dissociation constant of carbonic acid and is to be distinguished 
from the apparent constant, for the concentration of carbonic 
acid is really the sum of carbonic acid and its anhydride and the 
apparent dissociation constant Ki is given by the following equa- 
tion. 

K, ([H.COJ + [COJ) =: [11+] [nCO“] 


Walker and Cormack (20) found Ki to be 3.04 X lO""^ at 18° and 
calculated it to be 3.4 X 10“^ at 25°. L. J. Henderson found it 
to be 4.2 X 10“^ at 38° (21). The true dissociation constant is 

- — where n is the fractional amount of the total CO 2 in solution 
n 

existing in the form of H2CO3. Walker and Cormack (20) main- 
tain that n is always greater than 0.5. We have found n to ap- 
proach unity and so have used the value of K'l for Ki in our cal- 
culations. 


7^2, the second dissociation constant of carbonic acid, was 
determined by Seyler and Lloyd (22) as 4.91 X 10““ at 25°, a 
better result than had been previously obtained (23,24). John- 
ston (25) recalculated K 2 at 25° from Walker and CormaeJ^’s data 
and found it to be 6 X 10““ and 6.4 X 10~“ from Shields^ data (26) 
on the hydrolysis of sodium carbonate, results identical with those 
computed by McCoy (24), and those obtained by Auerbach and 



I. N. Kugelmass and A. T. Shohl 


661 


Pick (10). We have calculated this value by means of the van’t 
Hoff formula as 7.2 X 10“^^ at 38°. 




K. 


,">the ratio of the first and second dissociation constants of 


carbonic acid, Johnston (25) calculated as 5,600 from McCoy^s (24) 
data on the carbonate-bicarbonate equilibrium at 25°. Using the 
data given above for 38° the value is 5,800. 

Kzj the solubility product constant of calcium carbonate. Leather 
and Sen (27) found to vary inversely with the temperature, but 
obtained rather irregular results, the value at 40° approximating 
0.5 X 10~®. Seyler and Idoyd (28) made studies at ^daboratory 
temperature” (20°) and obtained 0.86 X 10~^. They also ob- 
served that the constant was not affected by the presence in solu- 
tion of small amounts of added Ca++from other salts, but that the 
presence of small amounts of neutral salts with no ion in common 
increased the total calcium in solution Johnston recalculated 
the data of Schlopsing (29) and Engel (30) and obtained a con- 
cordant value of 0 98 X 10"® at 16°. Wells (31) determined the 
solubility product constant at several temperatures with air 
containing 3.2 parts CO2 per 10,000 as the gas phase: 


0 93 X 10”' (20°) , 0 87 X 10“' (25°) , 0 81 X 10”' (30°) 


Osaka (32) recalculated the data of McCoy and Smith (33) and 
obtained the constant 0 57 X 10~®. The solubility product constant 
may be calculated from our experimental results at 38° for 


K 


iii 

K, 


4 14X 10” ’ 
5,800 


= 0 71 X 10“« 


a value which compares favorably with the reliable constants 
presented above. 

[ra+^] [HCOjY _ 

[//XOJ K 

Rona and Takahashi (34) found experimentally at * ^laboratory 
temperature” (18°) a value of 11.6 X 10~^. Johnston^s calcula- 
tions from Schloesing^s data show a general average of 5.3 X 10”® 
(16°) from EngeFs data 5.47 X 10“® (16°) and from Seyler and 
Lloyd data 4.80 X 10~® (20°). The value of K4 from our experi- 
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mental data at 38° shows a general average, from twenty-two 
determinations, of 4.14 it 0.14 X 10“®. 

[Ca++]»[i^C 07 ] ^ K, 

Rona and Takahashi (34), a decade ago, found experimentally 
that the value for this constant was 350 at 18°. In their work the 
CO2 phase was not adequately controlled and so affected the hy- 
drion concentration. The analyzed Ca(HC03)2 was assumed com- 
pletely ionized and some of the equilibrium constants used in their 
calculations have since been revised. Calculation of K5 from the 
ration K4/K1 gives 111 and from K3/K2 also 111. From our 
experimental results at 38° the general average of twenty-two 
determinations for this equilibrium constant is 133 zt 3. The 
deviation of the calculated from the experimental values is 20 
per cent, a value greater than the calculated percentage error and 
hence must be attributed to unknown experimental error or to the 
value of the constants used though they are the most accurate 
known. 

K ^ [IIPOT] ^ K, 

« [HCOJ] [H,PO-] K, 


Since Abbott and Bray (35) found K7, the second dissociation 
constant of phosphoric acid to be 2 X lO""'^ at 25° and 2.4 X 10~^ 
at 38°, Kc becomes 0.57. 


[Ca++] “ • [HCO-] ° • [i/PO^] 
[H+].[H,PO^] 


K. K, K, = = {K,r-K, 


The calculated value of Ks is 3.0 X 10“^ The general average of 
Ks calculated from the experimental data given above is 4.0 zL 0.4 
X 10-3. 

K, = [Ca++] [HPO:] 


Values of this solubility product constant found in the literature 
are conflicting. The concentration of Ca++ and HPO' for the 
aqueous systems in this work, in equilibrium with solid CaHP04 
among other components at various CO2 tensions, yields 71 X 10“® 
as the average value for this constant at 38°. Calculation of the 
constant from equation (12) gives a general average of 66 X 10“®. 


K 


1 0 


[Ca++]^ [//r07] [HPOZ] 
IH+] 
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Freudenberg and GySrgy (36) modified the equation of Rona and 
Takabashi (34) 

[Ca++1-[HC07] 

[H+] 

into the empirical form 

[Ca++] [HCOr]-[HPOr] 

Th+I 

This equation has neither theoretical nor experimental basis, and 
the values of Ca++ calculated from it are not concordant with our 
experimental data. The value of Kio calculated from the product 
Kh'Kg or its equivalents above is 8.8 X 10“^ The general average 
of this constant calculated from the experimental data is 7.6 d= 
0.6 X 10-«. 

The application of this equation to determine the calcion 
concentration in normal and pathological conditions will be re- 
ported in a subsequent paper. 

K,, » [Ca++]^ [PO^Y 

This solubility product constant has as yet not been accurately 
determined. Calculated from solubility values at ^'laboratory 
temperature^^ obtained in the literature one of the authors found 
Kn to be 2.8 X at 18° (5). 

[H+Y[P07 ] 

[HPOT] 

Values for this tertiary dissociation constant range from 3.6 to 
5.6 X 10~^3 at 18° (3). The dissociation curve for the phosphates 
plotted as a function of the hydrion concentration, however, 
indicates this constant to be of an order of 10""^^. 




[Ca++Y [HCO-r^HPOT] \POf] 




The value of this constant depends on the known values of Ks and 
Kg and the undetermined value of K 12 . Until accurate data at 38° 
are available the equation cannot be solved. It seems best not 
to offer an approximation. 

[Ca++]^ WPOT] [POf] r, J. 
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The value of Ka is 0.71 X 10~® at 38°. The value of Ki 4 also depends 
on the determination of the tertiary dissociation^, constant at 38°. 
Because this value is not definitely determined i^ seems best for 
the present to use the simpler relationship in which CO" and 
PO^ are not involved, namely 

[ Ca++]^ [HCO 7 ] [HPO-] _ 

[H+] “ 


SUMMARY. 


The equilibrium relations forCa++, H+, HCO 7 , CO 7 , H 2 P 07 ^ 
HPO 7 , and POf at 38°C. have been studied and their constants 
obtained experimentally are; 


[Ca++]-[HC07]- 

[H,CO,] 

[Ca++]-[HC07] 


K,, = 4 14 ± 0 14 X 10- 


= K, = 133 ± 3 or [Ca++] = 133 : 


— AV- ■— AW A/1 J 

(3) [Ca-f-+]-[C07] = K 3 =0 71 ±005X 10~* 

(4) [Ca+-t]- [HPO 7 ] = K, = 07 ± 7 X 10 “* 

(5) [HPOJ] + [H,P07] = 


or [Ca++] 


2 4 10“’’ 


[HPO=] + [H ,P07] \ ' 2 4 10-^ 


[Ca++]^[HC 07 ]MHPOr] 

[■h+].[H,P071 =I^. = 40±04X10 

[ C^.[^]:[HP O r ]^K.„ = 76^06X10- 


[Ca++]=J(7 6X10-=) [H+] 

V iHcori-iHPor 


,,, IC.^^rjHCOOUHPq ajPgl ■ K,. ■ (0.8 X .0-).K,. 

,,, [c-p^l-.lHCOrricoTl |Hro:|.troT J _ . (oex,o-).K, 
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THE ESTIMATION OF THE HYDROGEN CYANIDE CON- 
TENT OF AMYGDALIN BY THE AERATION METHOD. 

By JOSEPH H. ROE. 

{From the Department of Chemistry^ School of Medicine^ George Washington 
University^ Washington ) 

(Received for publication, November 1, 1923 ) 

In a previous paper^ the author set forth a new method for 
estimating simple, soluble cyanides, in which freed hydrogen 
cyanide is washed by a current of air from one flask containing an 
acidified cyanogen product into a second flask containing dilute 
alkali, and the mixture obtained is then titrated with standard 
silver nitrate solution, using a few drops of potassium iodide as an 
indicator. Some recent work has shown that this procedure will 
yield excellent results when applied to the determination of the 
hydrogen cyanide in amygdalm, the glucoside being hydrolyzed 
by the enzyme, emulsin. It is the object of this paper to apply 
this method to the estimation of the hydrogen cyanide content 
of amygdalin and to suggest that further valuable applications of 
the aeration procedure may be made to a quantitative study of 
cyanogenetic plants in general. 

Procedure, 

Prepare an apparatus suitable for aeration (such as the Folin 
ammonia aeration apparatus). In one flask place a 0.10 gm. 
sample of amygdalin, add about 0.05 gm. of emulsin, 100 cc. of 
water, and a few drops of amyl or capryl alcohol. Insert stopper 
and close the aeration tubes by means of rubber tubing and pinch- 
cocks. Shake thoroughly to mix the enzyme and amygdalin, 
and warm to 45° for 15 minutes. Connect the flask containing this 
mixture to a second flask containing 100 to 150 cc. of 5 per cent so- 
dium hydroxide and attach to a suction pump. Now pass a current 

^ Roe, J. H., J. Am Chem. Soc , 1923, xlv, 1878. 
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of air through the flask containing the amygdalin mixture into 
the flask containing alkali at the rate of about 3 liters per minute. 
Continue aeration for about 3 hours, then disconn^t the flasks, 
add 10 drops of 10 per cent potassium iodide to the alkaline 
cyanide solution in the second flask and titrate with 0.01 n silver 
nitrate until a faint turbidity appears. The reading of the burette 
multiplied by 0.0005404 will give the number of grams of hydrogen 
cyanide in the sample of amygdalin. The initial warming at 45° 
is not necessary if aeration is continued an hour longer, which 
affords more time for the enzyme to work. The reduced time 
necessary for aeration and the added assurance of complete 
recovery make the warming of the mixture desirable. 

DISCUSSION. 

The method is significant in two respects: (1) it affords a very 
accurate and easy procedure for estimating the hydrogen cyanide 
of amygdalin, and hence for the assay of amygdalin itself, and (2) 
it opens the possibilities of estimating the hydrogen cyanide 
content of glucosides in cyanogeneiic plants, where enzymic 
hydrolysis is favorable. It is an important fact that the enzyme 
continues to wo? k while aei'otion is in progress. In plant estimations 
where autolysis is the only means of hydrolytic cleavage, the 
aeration procedure should prove a more favorable and more 
convenient adaptation than the older distillation methods 
Boiling organic mixtures with an acid is an unsatisfactory me- 
chanical procedure, and in the case of amygdalin yields notoriously 
low recoveries due to a continued hydrolysis of the cyanogen 
product after the glucoside has been split, which liberates the 
nitrogen as ammonia Enzymic hydrolysis, where possible, is 
therefore indicated. Himce the older distillation methods are 
undesirable, because poor recoveries are experienced when acids 
are used as hydrolytic agents and, when an enzyme is used as the 
hydrolyzing agent, the heating may kill the enzyme before hy- 
drolysis has been completed. In the aeration method, the hydrol- 
ysis of the glucoside and the removal of freed hydrogen cyanide 
are begun at essentially the same time and continued simultane- 
ously until the hydrolysis is completed and all the hydrogen 
cyanide is carried over into the alkaline receptor. 
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SUMMARY. 

A method has been devised for estimating the HCN in 
amygdalin by enzymic hydrolysis and application of the aeration 
procedure. The method should prove a favorable means for 
quantitative investigations of cyanogenctic plants in general. 




STUDIES ON THE ABSORPTION OF METALLIC SALTS BY 
FISH IN THEIR NATURAL HABITAT. 


II. THE ABSORPTION OF NICKEL BY FUNDULUS HETEROCLITUS. 

By ADRIAN THOMAS.* 

(Received for publication, November 8, 1923.) 

Salts of certain metals such as copper and cadmium, when 
added to sea water, prove to be exceedingly toxic to fish im- 
mersed in such solutions. Some other metals apparently have 
no toxic action in sea water; among which are cobalt, nickel, 
and manganese. A third class of metals, of which zinc is a mem- 
ber, appears to be only slightly toxic in dilute solutions made in 
sea water. 

In the case of copper the metal is absorbed by the fish and 
probably forms a complex compound with the proteins since a 
blue-green coloration is noticed in the tissues of fish that have 
been subjected to solutions of copper in sea water. White and 
Thomas^ found that the amount of copper absorbed increased 
with the time that the fish were subjected to copper solutions, 
up to a certain limit which caused death. 

Nickel salts behave differently in that they are not toxic. 
The method of exposure to the solutions was to keep the fish 
for various periods of time in glass jars containing 6 liters of sea 
water, to which the desired amount of nickel chloride had been 
added. These solutions were aerated by passing a constant 
stream of air through them. Under these conditions Funduli 
lived for weeks without showing any signs of sickness whatever, 
in spite of the fact that nickel was absorbed. 

After removal from the solutions the fish were thoroughly 
washed and a stream of tap water was passed through the ali- 
mentary canal. They were then dried to constant weight at 
about 105°C. and ground in a mortar. A 10 gm. sample was 

* Research Chemist, Parke, Davis and Company, Detroit, Mich. For- 
merly, Pathologist, U. S, Bureau of Fisheries. 

1 White, G. F., and Thomas, A , J. Btol, Chem,, 1912, xi, 381. 
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taken for analysis, this was ashed in a muffle and the ash dis- 
solved in hydrochloric acid, any free carbon being filtered off. 
The filtrate was made ammoniacal, a white precipitate of phos- 
phates resulting, ammonium sulfide was added without filter- 
ing, and the whole mass warmed. After cooling, sufficient, cold, 
dilute hydrochloric acid was added to redissolve the phosphates 
and the remainder, a black precipitate, was filtered off. The 
whole filter was digested in hot mtrohydrochloric acid to dis- 
solve the nickel sulfide, then diluted and filtered. To the filtrate 
a little citric acid was added, to prevent precipitation of iron, 
and finally a 1 per cent solution of dimethylglyoxime in alcohol, 
after which the solution was made ammoniacal After warm- 
ing on the water bath a few hours a precipitate of nickel oxime 
was obtained which was filtered on alundum cones, dried at a 
temperature of 100°C., and weighed. This method was tested, 
and proved satisfactory, by adding a known amount of nickel 
to some dried untreated fish and then proceeding as above, hav- 
ing first ascertained that no precipitate was obtained with di- 
methylglyoxime when untreated fish were tested without the 
addition of nickel. 

In Table I the amount of nickel absorbed from solutions of 
different concentrations in a given time by Fuyiduh, is recorded 
in terms of metallic nickel in the dried material. 

The results given in Table I are the averages of analyses of 
samples from at least two experiments in each of which about 
ten fish were used. It may be noted that m certain cases the 
fish apparently contained more nickel after only a few hours 
exposure than others did after a longer exposure. This cannot 
be explained at present otherwise than to suggest it might be 
due to individual variation or that some of the nickel first ab- 
sorbed was again eliminated. This latter explanation does not 
seem probable since there is a tendency for absorption to be 
directly proportional to the time of exposure, and the fish had 
not been removed from the nickel solutions at any time. 

However, when the fish are subjected to solutions of the nickel 
chloride for some time and then placed in running sea water, 
they eliminate nickel. A number of Fimduli were subjected to 
a n/500 solution of nickel chloride in sea water for 90 hours. At 
the end of that time some were washed and prepared immediately 
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for analysis, the remainder were put into running sea water for 
8 days after which time they were prepared for analysis. Con- 
siderable nickel could be detected in the fish that were not placed 
in running water, while those that were, appeared to be practically 
free from nickel after the 8 days. This experiment was dupli- 
cated. In the case of fish subjected to copper solutions and 
then put in running sea water the copper was retained for some 
time as has been stated in a previous paper.^ 

Though apparently non-toxic in sea water, nickel salts appear 
to be very toxic in solutions of fresh water. A number of fish 
of the «ame species (Fundulus heteroclitus) were found in a land- 

TABLE I 


Nickel Absorbed from Solutions by P''unduli 


Concentration 
of solutions 

Time 

Ni 

Concentration 
of solutions 

Time 

Ni 

N 

Ars 

per a nt 

N 

hrs 

per cent 

0 016 

4S 

0 0079 

0 001 

24 

0 0029 

0 004 

1 

0 0050 

0 001 

48 

0 0019 

0 001 

G 

0 0050 

0 001 

IGS 

0 0017 

0 004 

35 

0 OOSO 1 

0 0005 

24 

0 0022 

0 004 

IGS 

0 0090 

0 0005 

4S 

0 0026 

0 002 

3 

0 OOU , 

0 0005 

IGS 

0 0010 

0 002 

4 

0 002S 

0 0005 

33G 

0 0024 

0 002 

4S 

0 0012 1 

0 00025 

16s 1 

1 0 0013 

0 002 

IGS 

0 0021 ' 

' 0 00025 

33G 

1 0 0022 

0 002 

1 33G 

0 0044 

0 000125 

IGS ' 

, 0 0018 

1 


locked pond which contained water having a density of only 
1.0008. These fish lived well in fresh water used as a control, 
but if enough nickel chloride was added to the water to give a 
concentration of n/8,000 the fish died within a few hours. Under 
conditions of the experiments those fish kept in jars of pure tap 
whaler as controls survived at least 12 hours, but if kept in run- 
ning tap w’ater they could be kept quite a while. When enough 
sugar was added to fresh w^ater to make a m/50 solution, life 
could bo considerably prolonged, yet if enough nickel chloride 
was added to the sugar solution to make a concentration of 
n/1,000 the fish died in a very short time. The increase in os- 


* Thomas, A , Tr Am. Fisheries Soc , 1915, xliv, 120. 



motic pressure by means of sugar seemed to exert no influence when 
the nickel was present. 

When fish are poisoned by the metallic salts they show dis- 
tinct signs of intoxication which are manifest by their movements 
and general appearance which are unlike those shown when death 
is caused simply by the change from salt to fre^h water. Al- 
though fish were poisoned by n/8,000 solutions of nickel chloride 
in fresh water, they exhibited no signs of sickness even after 
having been subjected to solutions of n/250 concentration in 
sea water for 2 weeks. 

From the data at hand it may be concluded that Funduli 
absorb considerable nickel from solutions of the chloride in sea 
water without evidence of intoxication. In fresh water, however, 
nickel chloride is toxic even though the fish are accustomed to 
fresh water. Nickel was eliminated from Funduli after the 
latter had been in running sea water for 8 days subsequent to their 
immersion in a solution of nickel chloride. 



A MODIFICATION OF ISAACS’ COLORIMETRIC DETER- 
MINATION OF BLOOD CHLORIDES. 

By martin DUPRAY. 

{From the Dupray Laboratory^ Hutchinson^ Kansas ) 

(Received for publication, November 19, 1923 ) 

Isaacs (1922) has described a colorimetric method for the 
determination of the chlorides of the blood. The method is 
based on the fact that silver chromate is more soluble than silver 
chloride and dissolves in a solution of chlorides, the silver being 
reprecipitated as the chloride, leaving the chromate radicle in 
solution as alkali chromate. In the determination an excess of 
silver chromate is used with blood filtrate and when the reaction 
is complete the remaining silver chromate and most of the silver 
chloride are removed by centrifugation and filtration. The 
turbidity, due to unremovcd silver chloride, is discharged by 
the addition of dilute ammonium hydroxide and the alkali chro- 
mate estimated colorimetrically against a standard chromate 
solution. 

The light yellow shade of the alkali chromate is very difficult 
to match accurately in the colorimeter. Isaacs recommends 
viewing the color through a blue glass as suggested by Michaelis 
(1921) to overcome this difficulty. Also the method requires 
10 cc. of blood filtrate, prepared by the technique of Folin and 
Wu (1919), to give a color of sufficient intensity. 

The writer, even with the use of a blue glass, has been unable 
to match the chromate colors accurately, and has developed a 
new colorimetric reaction for use with this method. 

Several attempts were made to devise a method for making the 
color comparisons in acid instead of alkaline solution. This 
would allow the use of the darker and more intense chromic 
acid color. However, no satisfactory method of avoiding tur- 
bidity in the acid solution was found. 

Later, the reducing action of potassium iodide on chromic 
acid in acid solution was tried. In this reaction chromium is 
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reduced from the hexavalent state to the trivalent state and free 
iodine is released, with the production of the familiar red-brown 
color of iodine solutions. This color is of a shade Readily matched 
with accuracy in the colorimeter and of an inteileity such that 
5 cc. of blood filtrate, representing 0.5 cc. of blood, are amply 
sufficient for a test. 

The colors produced by solutions of different concentrations 
were checked in the colorimeter and found to be proportional 
over a wide range of concentration. The chromium sulfate 
formed in the reduction is greenish in color, but is so faint in 
comparison with the intense iodine color that the latter is not 
materially modified. The reduced chromium is proportional to 
concentration so no error is introduced by it. 

The turbidity due to unremoved silver chloride in blood fil- 
trates, treated with silver chromate by the Isaacs method, is 
entirely discharged by the excess of potassium iodide used in 
the above reaction. 

Ten blood filtrates were tried with potassium iodide and sul- 
furic acid in the absence of chromates and found not to release 
free iodine. 

An iodine solution of approximately twice the color intensity 
used in the new method and containing proportional amounts 
of potassium iodide and sulfuric acid was diluted 1:1 with dis- 
tilled watfer and also with each of ten blood filtrates. The one 
diluted with distilled water w^as used as standard and the others 
were compared with it in the colorimeter at once and at half 
hour intervals. No fading of the iodine color by any of the 
blood filtrates was observed after 2 hours. 

A new method, retaining Isaacs^ procedure of using silver 
chromate, but developing the iodine color as described, is given 
here. 

Reagents Required. 

1. Silver Chromate . — Prepared as described by Isaacs (1922). 

. . . adding slowly 200 cc of a 5 5 per cent solution of potassiuna 

chromate to 100 cc. of a boiling solution of silver nitrate (10 per cent). The 
silver chromate settles out rapidly. Drops of the chromate solution are 
added until there is a slight excess of chromate, which gives the solution a 
yellow color. After cooling, the silver chromate is thoroughly washed with 
distilled water and finally air-dried on a Buchner funnel. 
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The boiling temperature should be adhered to, as an excess of 
chromate in the cold forms some silver bichromate. The boiling 
temperature, however, breaks this up into silver chromate and 
chromic acid. 

2. Magnesium Carbonate, 

S, Potassium Iodide. — 50 per cent solution. Place 50 gm. 
of potassium iodide in a 100 cc. volumetric flask. Add distilled 
water to 80 to 90 cc. and dissolve the iodide, then make up to 
100 cc. Filter if necessary. 

4. Sulfuric Acid, — Prepare a 1:10 dilution of the concentrated 
acid in distilled water. 

5, Standard Sodium Chloride Solution. — Weigh accurately 
500 mg. of sodium chloride of highest purity and place in a liter 
volumetric flask. Dissolve in chloride-free distilled water and 
make up to 1 liter with chloride-free water. 

Procedure, 

Place 5 cc. of blood filtrate, obtained by the Folin and Wu 
technique, in a thoroughly cleaned 15 cc. conical centrifuge 
tube. Add a little (5 to 10 mg ) magnesium carbonate to insure 
absence of free acid and stir into the liquid with a fine glass rod. 
Add an excess (20 to 25 mg.) of silver chromate and stir thoroughly 
with a fine glass rod for 2 or 3 minutes. The stirring should in- 
clude considerable rubbing of the silver chromate particles against 
the sides and bottom of the tube, as otherwise they may become 
coated with silver chloride and the reaction be incomplete. If 
all the red silver chromate particles disappear, add more silver 
chromate. Wash off the stirring rod into the tube with a little 
distilled water and centrifugate 2 or 3 minutes at moderate speed. 
Decant through a small filter into a 25 cc. volumetric flask. 
Add about 5 cc. of distilled water to the tube, running the water 
slowly and carefully down the side of the tube so as to disturb 
the sediment but little. (If the sediment is stirred up very 
much, centrifugate again ) Decant through the filter. With 
care both decantations may be made very complete. Filtration 
is made necessary by the tendency of very small particles of the 
silver chromate to float on the surface of the liquid, even during 
centrifugation. A slight turbidity, due to unremoved silver 
chloride, remains, but this clears later, after the addition of po- 
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tassium iodide. Wash the filter with several small portions of 
distilled water, but keep the volume in the flask below 23 cc. 
Add to the solution in the flask 1 cc. of 50 per <oent potassium 
iodide solution and 1 cc. of 1:10 dilute sulfuric aci^, make up to 
25 cc. with distilled water, and mix. Compare the solution in 
the colorimeter with the standard. 

Prepare the standard simultaneously with the test by placing 
5 cc. of the standard sodium chloride solution in a 15 cc. conical 
centrifuge tube and carrying through the procedure exactly as 
described for the test. 

Reading of standard in mm. . . xt /-»i iaa r ui j 

=r — = — — r 5 X 500 = mg NaCl per 100 cc. of blood. 

Reading of unknown in mm. 

Mg. NaCl X 0.606 = mg. Cl. 


TABLE I. 


Sample No 

Colorimetric method 

Titration. 

1 

488 

491 

2 

494 

510 

3 

484 

481 

4 

478 

482 

5 

493 

502 

6 

513 

527 


590 

579 

8* 

564 

567 

9* 

594 

592 

10* 

567 

576 


* Plasma. 


The color developed by this method reaches a maximum in a 
few seconds and remains unchanged for many hours. One 
standard may be used for many determinations. 

One may, if desired, use a standard chromate solution as sug- 
gested by Isaacs instead of developing the color each time from 
the standard sodium chloride solution. The writer prefers the 
use of the sodium chloride standard as it, in large measure, com- 
pensates for the slight solubility of silver chromate in water. A 
potassium chromate standard adjusted to the new method should 
contain 0.835 gm. of potassium chromate per liter of solution. 
Place 5 cc. of this solution in a 25 cc. volumetric flask, add water 
to about 20 cc., then 1 cc. of 50 per cent potassium iodide solution 
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and 1 cc. of 1 : 10 dilute sulfuric acid. Make up to 25 cc. with dis- 
tilled water and mix. The color is approximately the same as that 
given by 5 cc. of the standard sodium chloride solution, containing 
500 mg. per liter, that has been carried through the method given. 
Its exact value should be determined by comparison against the 
standard sodium chloride. 

This method has been checked against the titration method of 
Gettler (1921) and of McLean and Van Slyke (1915) and the 
results of ten such tests are shown in Table I. The chlorides are 
computed as mg. of NaCl per 100 cc. of blood or plasma. 
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DIETARY REQUIREMENTS FOR REPRODUCTION. 

I. THE NUTRITIVE VALUE OF MILK PROTEINS FROM THE 
STANDPOINT OF REPRODUCTION.* 

By BARNETT SURE 

{From the Laboratory of Agricultural Chemistry^ University of Arkansas^ 

Fayetteville ) 

(Received for publication, October 20, 1923 ) 

During 1919, while engaged in studies of supplementary 
relationship of lactalbumin to casein in milk, the author observed 
that on a ration containing 9.6 per cent milk proteins very good 
growth was obtained, but the females, while they became pregnant 
and gave birth to healthy young, failed to rear them. That ration 
(Lot 22) contained 7 per cent butter fat and an alcoholic extract 
of 15 gm. of ether-extracted wheat embryo as a source of water- 
soluble vitamin B; therefore, it w^as thought at that time that the 
vitamins in the ration were amply provided for. Steenbock's 
salt mixture 32 (the composition of which is given later in the 
paper) served as such an excellent source of the mineral elements 
in Ration 11 (see Chart I) for growth that a deficiency of the 
inorganic ions in Ration 22 certainly was not expected. It also 
became quite evident at that time that cystine is the determining 
growth-limiting factor in lactalbumin (1), Osborne and Mendel 
having previously demonstrated cystine to be a deficient amino- 
acid in casein at levels below 12 per cent of protein intake (2). 
Owdng to the fact that we do not as yet know the amino-acid 
requirement of the mammalian organism for the physiological 
function of reproduction as contrasted with growth, it was antici- 
pated that the further fortification of the milk proteins with cystine 
might result in some improvement in reproduction from the 

* Research paper No 2, Journal Series, University of Arkansas. 

A preliminary report of this paper has been presented before the 
Biochemical Division of the American Chemical Society at Milwaukee, 
September 13, 1923 


681 



682 Dietary Requirements for Reproduction. I 


standpoint of rearing of young. Later on, experiments were 
initiated for the purpose of improving the quality of milk proteins 
by additions of other amino-acids, such as lysine and proline, 
particularly during the breeding period, and if possible, during the 
lactation period. The results of these investigations are published 
in this paper. 

While these experiments were in progress, Mattill and Conklin 
(3), Mattill (4), and Mattill and Stone (5) have reported their 
unsuccessful efforts with milk diets from the standpoint of repro- 
duction. A careful scrutiny of the rations of these experimenters 
indicates that their diets had a suitable inorganic salt mixture and 
an abundance of the fat-soluble and water-soluble vitamins. At 
the 1921 annual meeting of the American Society of Biological 
Chemists, Mattill reported as follows: 

^‘The failure of adolescent growth and of reproductive ability in female 
rats on whole milk powder was not corrected by diluting the milk powder 
with lard, starch, and salts in varying proportions The animals still 
showed the characteristic slowing of growth rate at adolescence and were 
infertile Males grew normally but their reproductive efficiency was 
questionable Additions of protein-fiee milk, of cod liver oil, or of traces 
of K1 after the animals had reached the age of 150 to 175 days did not result 
in fertility or renewed growth Ordinary stock rat food did not do it 
When animals that grew up on stock food were transferred to milk rations 
at about the age of adolescence they likewise failed to rear their young, 
or were sterile ’’ 

Owing to the fact that Mattill and his coworkers, in order to 
obtain success in reproduction with milk diets, have not attempted 
to improve the protein moiety, the author still hoped to obtain 
success along this line by amino-acid additions to his milk protein 
rations. 

In the earlier experiments conducted at the University of 
Wisconsin butter fat was used as the source of fat-soluble A 
vitamin. In all the other experiments, initiated and completed 
at the University of Arkansas, cod liver oil, found by Zilva and 
CO workers (6) to be 200 to 300 times richer than average butter 
fat in fat-soluble A, was employed as a source of that vitamin. 
The water-soluble B vitamin concentration of these rations was 
increased from an alcoholic extract of 15 gm. of wheat embryo 
to 30 and 40 gm. per 100 gm. of ration. It was calculated that in 
rations, containing 50 per cent skinuned milk powder, about 3.5 
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per cent of mineral elements would be introduced; therefore, no 
salt additions were made in such diets. Rations containing 35 
per cent skimmed milk powder, however, were fortified with 1 
per cent of salt mixture 32. Since milk is deficient in iron, 0.1 
per cent of ferric citrate was added to all the milk powder rations. 
After making, what seemed to the writer, ample provisions for 
vitamin and mineral requirements, all the rations containing an 
abundance of digestible carbohydrates in the form of dextrin, it 
was naturally expected that the reproductive mystery of milk 
diets from the standpoint of reproduction would be solved by 
improving the amino-acid content of the milk proteins. 

The results of the experiments are given in the charts and 
protocols. 
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was continued with a view of securing, if possible, data on reproduction. 
Female 41 gave birth to eight healthy young, but was g;iven only four to 
rear, so as not to overburden the mammary gland Alt the young were 
disposed of in 10 days 7 weeks later the same mother gave birth to another 
litter of SIX young and was allowed four to rear. After 2 weeks the young 
weighed 69 gm They looked perfectly vigorous, had a smooth coat, and 
after 15 days opened their eyes. 7 days later this group of young weighed 
only 64 gm , having lost 5 gm within a week On the 16th day one of the 
young died and the rest died within the next few days Female 42 gave 
birth to a litter of seven young and successfully reared four for 2 weeks, 
after which period the young were completely devoured by the mother. 
The same female gave birth to another litter which was disposed of during 
the day of delivery 



Chart II, Lot 205. This ration certainly had a preponderance of the 
water-soluble B vitamin, containing a hot alcoholic extract of 40 gm. of 
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ether-extracted wheat embryo. The proteins were fed at a 20 per cent 
level, containing 8 per cent casein, 2 per cent lactalbumin (the casein and 
lactalbumin being fed in the same proportion as they are found to occur 
in milk), and 10 per cent gelatin. The ration was further fortified with 
the amino-acids, cystine, tyrosine, and tryptophane. 2 per cent cod liver 
oil certainly should have been sufficient for all physiological functions, and 
salt mixture 32 has been shown to be of superior quality (see Chart 1, 
Lot 11). Still, on such a diet only one female out of three became pregnant 
and gave birth to only two young w^hich were disposed of by the mother 
in a few days 



Chart III, Lot 238. This ration contained 35 per cent skimmed milk 
powder, having a protein content of 34 per cent, which would introduce 
11 9 per cent milk protein. The ration was fortified with additional 
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8 per cent casein and 0 4 per cent cystine. While excellent growth was 
obtained, the females did not even become pregnant. 

Lot 233. This lot received the same ration as Lot 238 with the exception 
that lactalbumin replaced the casein. No fertility was secared on this diet. 



Chart IV, Lot 230. The skimmed milk powder in this ration was 
fortified with 8 per cent arachin (globulin from the peanut) and 0.4 per 
cent cystine. Since arachin is very low in proline, containing only 1 37 per 
cent, that amino-acid was added during the breeding period. Only one 
female became pregnant, giving birth to only one young, and, therefore, 
rearing was not tried. 
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Chart V, Lot 232 This ration had the addition of 8 per cent edestin 
(globulin from hemp seed) and 0 4 per cent cystine to the milk proteins, 
and since edestin is deficient in lysine, that amino-acid was incorporated 
in the diet during the breeding period Very good growth was secured, 
but the females were sterile. 

Lot 254. This ration contained 22 per cent protein, 12 per cent of which 
was derived from milk, and 10 per cent from wheat, the wheat proteins 
being introduced in the form of wheat gluten. No fertility was secured 
Lot 253 This ration contained 32 per cent protein, 12 per cent of which 
was fed in the form of skimmed milk powder, and 20 per cent in the form 
of wheat gluten The females did not become pregnant. 
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Chart VI, Lot 239. This chart shows that the addition of lysine to 
17.5 per cent milk protem-cystine diet did not produce fertility. 
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Cha^rt VII, Lot 217. This is the only skimmed milk powder ration on 
which partial success in reproducton was obtained The foreign protein 
introduced is gelatin Cystine was added to the extent of 0 4 per cent of the 
ration. Rat 917 gave birth to a litter of young which was devoured by 
the mother. Female 915 gave birth to seven young and was given four 
to rear. On the day after delivery one of the young died which left three 
to rear. These young weighed 29 gm after the Ist week, 48 gm after the 
2nd week, and 73 gm after the 3rd week. 




690 Dietary Requirements for Reproduction, I 


DISCUSSION. 


That milk proteins, while being very good for growth, are 
inadequate for reproduction, has been pointed out In a previous 
communication (8). This paper deals with a strenuous attempt 
made to induce fertility and success in rearing of young by im- 
proving the amino-acid content of milk proteins, both in quantity 
and quality, and at the same time by satisfying the vitamin con- 
tent of the ration by feeding liberal amounts. The salt mixture 
employed was that introduced by Dr. Steenbock which he desig- 
nated as salts 32, having the following composition. 


NaCl 

MgS04 (anhydrous) 
Na2HP04 -121120 
K2HPO4 

Ca2H2(P04)2 4 H 2 O 
Calcium lactate . 
Feme citrate 


gm 

0 2022 
0 3117 

0 5265 

1 1158 
1 1165 
0 2896 
0 1385 


Such a proportion of the inorganic elements, fed to the extent 
of 4 per cent in the ration, proved itself to be very satisfactory in 
our synthetic diets for growth. Whether additional inorganic 
elements or different proportions of the same inorganic ions are 
required for the physiological function of reproduction as con- 
trasted with growth is still open for investigation; but, while such 
a fact may be possible, it is hardly probable on the basis of work 
of other investigators which will be discussed in the following 
paper. 

In addition to the mineral elements derived from the above 
salt mixture all our animals receive iodine weekly in their distilled 
water. A saturated solution of iodine dissolved in a 2 per cent 
solution of potassium iodide is kept as a stock solution. 20 cc. 
of this solution are added to about 18 quarts of distilled water, 
the watering tubes being filled once a week from that solution. 
The water has a faint color of iodine.^ 

The milk proteins fed at a 11.9 per cent level, fortified with 8 
per cent casein, arachin, or edestin, in the presence of 0.4 per 


1 Such a method of furnishing iodine to our animals has been secured 
from a personal communication kindly furnished by Dr. McCollum 
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cent cystine, did not improve the matter of fertility and success 
in rearing of young. In certain cases lysine or proline were added 
during the breeding period, and still the females did not become 
pregnant. 

When 17.5 per cent milk proteins were fortified with 8 per cent 
gelatin, in the presence of 0.4 per cent cystine, partial success in 



reproduction was obtained, and for a while it was thought that 
sterility on milk diets could possibly be explained by the defi- 
ciency of amino-acids. One of the mothers on this ration (Chart 
VIII, Lot 217) reared three young at a rate which may be con- 
sidered as a little better than half normal. These three young 
were able to help themselves at the termination of the lactation 
period, and after 5 weeks were separated from their mother and 
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made excellent growth. One of the young, however, died from an 
unknown cause at the age of 4 months. It was unfortunate that 
these animals were males, so that a third generatipn could not be 
hoped for. Another group of three young females, taken at wean- 
ing time, was brought up to sexual maturity on the same ration, 
and allowed to breed with the two remaining males. No fertility 
was secured. Since no anatomical analysis was made of the 
animals, it is not apparent whether the sterility is to be attributed 
to the males or the females. The fact, however, is that the 
females did not become pregnant after being allowed to breed for 
over 2 months. 

Even increasing the total quantity of protein to 32 per cent, 
12 per cent being derived from skimmed milk powder and 20 per 
cent from wheat gluten, in the presence of a liberal supply of the 
vitamins and a suitable salt mixture, did not result in any success 
in reproduction. 

SUMMARY. 

From the experimental data presented in this paper it is con- 
cluded that lack of fertility or significant success in rearing of 
young on milk diets must be attributed to a dietary factor other 
than protein, the fat-soluble A vitamin, the antirachitic vitamin, 
or the water-soluble B vitamin. Whether failure in reproduction 
on synthetic diets is to be ascribed to a deficiency in the mineral 
element complex will be discussed in the following paper. 

BIBLIOGRAPHY. 

1. Sure, B , J Biol Chem , 1920, xliii, 457 

2 Osborne, T B , and Mendel, h B j J. Biol Chem , 1915, xx, 351 
3. Mattill, H A , and Conklin, R E , J Btol Chem , 1920, xliv, 137 
4 Mattill, HA,/. Biol Chem , 1922, 1, p xliv 

5. Mattill, H A , and Stone, N C , / Biol Chem , 1923, Iv, 443 

6. Zilva, S, S , Bxochem /., 1921, xl, 655 Zilva, S. S , Giessen, F S. C., 

and Muira, M , Lancet^ 1921, i, 323 

7. Sure, B , J Btol Chem , 1920, xliii, 443 

8. Sure, B , J Metabol. Researchy 1923, iii, 373. 



DIETARY REQUIREMENTS FOR REPRODUCTION, 

n. THE EXISTENCE OF A SPECIFIC VITAMIN FOR REPRODUCTION. ♦ 

By BAllNETT SURE. 

(From the Laboratory of Agricultural Chemistry, University of Arkansas, 

Fayetteville ) 

(Received for publication, October 20, 1923 ) 

During 1922, at the time the experiments reported in this paper 
were nearing completion, Evans and Bishop announced in Science 
'^The existence of a hitherto unrecognized dietary factor essen- 
tial for reproduction.^^ They state (1) : 

^‘The fact has been abundantly demonstrated that rats may be reared 
on a dietary regime consisting of ‘purified’ protein, fat and cabohydrate to 
which an appropriate salt mixture and adequate doses of the giowth vita- 
mincs Fat Soluble A and Water Soluble B have been added We have 
employed a ration of casein (IS), cornstarch (54) and lard (15) to which 
butterfat (9) and salts (4) are added, the animals receiving separately and 
daily 4 gram each of dried whole yeast 

^‘Such animals are sterile They are chiefly so in the first generation and 
wholly so in the next succeeding one 

“Natural foodstuffs contain a substance, X, which jire vents such a steril- 
ity or which cures the disorder occasioned by the purified dietary regime. 
We have thus been able to witness a comparatively sudden restoration of 
fertility to animals of proven sterilit}', and whose controls continued ster- 
ile, by the administration of fresh green leaves of lettuce Even the dried 
leaves of alfalfa appear to possess a similar potency ” 

Several papers by the same authors (2, 3) have since appeared 
the relations between fertility and nutrition, showing their 
failures with reproduction on synthetic rations and the restoration 
of fertility accompanied by successful rearing of succeeding genera- 

*Research paper No. 3, Journal Series, University of Arkansas. 

A preliminary report of this paper has been presented before the Bio- 
chemical Division of the American Chemical Society at Milwaukee, Septem- 
ber 13, 1923, under the title “Suggestive evidence for the existence of a 
specific vitamin for reproduction.’* The accumulation of more experimen- 
tal data justified the omission of the words “suggestive evidence.” 
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tions by the introduction of at least one natural foodstuff to their 
diets of purified food substances. They find this^iitherto unrecog- 
nized dietary factor essential for reproduction to be present not 
only in green lettuce and dried alfalfa leaves, but also in wheat, 
oats, meat, and, to a lesser extent, in milk fat. 

Evans and Bishop's work^ is in harmony with the author's 
findings that lactalbumin, replacing casein in the ration, does not 
induce fertility; neither is fertility restored by increasing the casein 
content to 50 per cent. 

Since there is no experimental evidence available, in terms of 
specific dietary units, in connection with the requirement of water- 
soluble B vitamin for the physiological function of reproduction 
as contrasted with growth, it may be inferred that the failure to 
secure success with reproduction on purified food substances may 
be due to an insufficient intake of that vitamin, rather than to the 
deficiency of an additional unidentified dietary factor. Nelson, 
Heller, and Fulmer state in a recent publication (5) that even 
upon 8 per cent air-dried yeast, which they found to be four times 
the amount necessary for normal growth to maturity, the rearing 
of young is not entirely successful, and that failure in reproduction 
cannot be ascribed solely to the level of vitamin B. These inves- 
tigators, however, report success with yeast from the standpoint 
of reproduction when the level is increased to 30 to 45 per cent. 
Three generations have been obtained on these high yeast levels, 
although the young of the second and third generations have not 
grown normally. They ascribe the failure of Evans and Bishop 
to secure fertility, employing 25 per cent yeast, to the high fat 
content of their diets. Such an explanation is hardly reasonable 
since Evans and Bishop first begin to secure success in reproduc- 
tion with milk fat when they increase it to 24 per cent of the ration. 
Since yeast has been shown to be abundant in the water-soluble 
B vitamin, why is it not possible that, when it is fed at such a 
high level as 30 per cent, it may introduce some of the as yet 
unrecognized s5mdrome that is essential for reproduction? 

Is it possible that the failure in reproduction on synthetic diets 
may be ascribed to neglect to make proper provisions for the 
mineral element complex? That a sufficient amount of the inor- 
ganic elements is added when 3.7 per cent of a salt mixture is 

' Evans and Bishop (4), p. 273. 
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employed in a ration is evident from the work of Nelson, Heller, 
and Fulmer. On the contrary, increasing their salt mixture 185 
to 5 per cent, they find their animals without exception to be ster- 
ile, although they grow at the normal rate to maturity. Purified 
milk fat is certainly free from any significant amount of mineral 
elements, yet, keeping the amount of the salt mixture in their basal 
ration constant, but increasing the milk fat to 24 per cent, sterile 
females become pregnant and manifest a certain degree of success 
in rearing their young. 

Evans and Bishop's findings^ agree with those of Mattill and 
coworkers and with those of the authorj that a preponderance of 
cod liver oil, in the presence of adequate concentrations of all the 
other recognized dietary essentials, does not produce fertility and 
success in rearing young. 

The experimental data which convinced the author that there 
must exist an as yet unrecognized dietary factor essential for 
reproduction are summarized in the charts 



Chart I, Lot 219. This chart clearly shows that, employing an alco- 
holic extract of 15 gm. of ether-extracted wheat embryo as a source of 
water-soluble B vitamin, very good growth is obtained. 


* Evans and Bishop (3), pp. 202-231, (4), pp 233-273. 
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Chart II, Lot 242 20 per cent of the Georgia velvet bean pod meal as a 

source of water-soluble B allows fairly good growth to take place during the 
first 6 to 8 weeks of experimentation, but the growth is followed by rapid 
decline in body weight 



Chart III, Lot 344 This chart shows that fertility is secured when 40 
per cent of the ration is composed of velvet bean pod meal, in which diet is. 
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incorporated an alcoholic extract of 10 gm. of wheat embryo. Female 1432 
had six young, and was allowed four, weighing 20 gm., to rear The young 
reached a maximum weight of 56 gm , but on the 15th day there was a rapid 
decline of body weight followed by death Female 1435 had five young, 
and was given four, weighing 20 gm , to rear. The young reached a maximum 
weight of 63 gm., but died on the 15th day 



Chart IV, Lot 346. This chart clearly indicates the increase of success 
in rearing of young of two females, due to the increase of the water-soluble 
B vitamin from an alcoholic extract of 10 to 20 gm. of wheat embryo. 
Female 1442 had eleven young and reared four for 18 days to a maximum 
weight of 94 gm. On the 19th day the young began to lose weight rapidly, 
and rearing was abandoned. Female 1443 had five young, and four, weigh- 
ing 24 gm at birth, were reared to a maximum weight of 93 gm in 18 days, 
after which period rapid decline in weight of young necessitated the discon- 
tinuance of further rearing 
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Chart V, Lot 348 Increasing the concentration of the water-soluble B 
vitamin to an alcoholic extract of 30 gm of ether-extracted wheat embryo 
resulted in a further improvement m success of rearing of young Female 
1453 had ten young weighing 50 gra , and was given four, weighing 20 gm , to 
rear. At the end of 23 days, which marks the termination of the lactation 
period, the four young collectively weighed 150 gm , and at the end of 5 
weeks, weighed 289 gm. Female 1455 had eleven young, weighing 50 gm , 
and was allowed four, weighing 19 gm , to rear. At the end of the lactation 
period the group reached a weight of 128 gm., and at the end of 6 weeks 
weighed 286 gm. 
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Charts III, IV, and V show the rdle water-soluble B vitamin 
plays in the matter of rearing of young, but also indicate that the 
fertility which may occur in the first place must be attributed to 
something contained in the velvet bean pod meal which is absent 
in rations composed of purified food substances. This matter 
will be elaborated on under the heading “Discussion.” 



CikABT VI, Lot 304 The presence of 5 per cent of agar-agar in a milk 
ration, fortified with an abundance of fat-soluble A and water-soluble B 
vitamins, does not induce fertility 
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Chart VII, Lot 371. The addition of 30 gm of fresh lettuce daily per 
rat produced fertility Female 1549 gave birth to six young and was al- 
lowed four, weighing 24 gm , to rear At the end of the lactation period they 
collectively weighed 180 gm , which may be considered as normal rearing. 
Female 1546, however, died during parturition, showing hemorrhage in 
womb 

In the following three rations single additions of natural food- 
stuffs, in the form of polished rice, rolled oats, and yellow corn, 
were made to milk protein diets, on which previous failure in 
reproduction was reported. The success in fertility and rearing 
of young is indicated in Charts VIII, IX, X, and XL 













Barnett Sure 


701 



CiiAHT VIII, Lot 2o 0 Since polished i ice is repoi ted to have only traces 
of water-soluble B vitamin, the 35 per cent of skimmed milk powder fur- 
nished practically all of that complex m this ration Female 1051 gave 
birth to three young which were disposed of on the 3rd day. Female 1050 
gave birth to six young which were successfully reared, and on the 15th day 
weighed 152 gm On the 21st day one of the young died, the five remaining 
young then weighing 192 gra On the 23rd day another of the young died, 
leaving four, which collectively weighed 192 gm on the 24th day On the 
31st day after birth tlie remaining four young collectively weighed 203 gm 
The remarkable result in this experment is that on such a low concentration 
of water-soluble B fertility was secured with two females and successful 
rearing of four young at a normal rate 
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Chart IX, Lot 251. The natural foodstuff incorporated in this ration 
is rolled oats. Fertility with two females was secured and considerable 
success was obtained in rearing of young with one Female 1055 gave birth 
to six young which were disposed of on the 2nd day. Female 1053 gave 
birth to six young, weighing 30 gm. At the end of the lactation period they 
weighed 160 gm.; on the 33rd day, 216 gm , and on the 41st day, 300 gm. 
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Chart X, Lot 252. Yellow corn is the seed introduced m this diet. 
Female 1068 gave birth to six young, weighing 30 gm , which, at the end of 
the lactation period, weighed 172 gm , and at the end of 31 days, 290 gm. 
Female 1059 gave birth fo six young, weighing 33 gm , which, at the termina- 
tion of the lactation period, weighed 160 gm , and at the end of 31 days, 
232 gm. 
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Chart XI, Lot 264 Although it has been shown that fortifying milk 
diets with protein, in the presence of liberal amounts of digestible carbohy- 
drates, produces no success in reproduction, the addition of polished rice 
to such a dietary regime resulted in four successful generations 


DISCUSSION. 

That the seed of the Georgia velvet bean is very deficient in 
water-soluble B vitamin has been demonstrated by Sure and Read 
(6). Unpublished work of J. W. Read on the biological analysis 
of Georgia velvet bean pod meal shows that 40 per cent of the pod 
meal as a source of water-soluble B allows as much growth to take 
place as that secured by the addition of an alcoholic extract of 
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15 gm. of wheat embryo. 20 per cent, however, of velvet bean 
pod meal as a source of that vitamin permits some growth during 
the first 6 to 10 weeks, but this is followed by rapid decline of 
body weight. A ration containing 40 per cent velvet bean pod 
meal and an alcoholic solution of 10 gm. of wheat embryo would 
be equivalent to a diet containing an alcoholic extract of 25 gm. 
of wheat embryo. On such a ration fertility was always secured, 
yet no success of rearing young resulted on a ration containing 
alcoholic extracts of 40 gm. of wheat embryo in the presence of 
such an excellent concentration of amino-acids as that furnished 
by the proteins, casein, lactalbumin, and‘ gelatin, and the amino- 
acids, cystine, tyrosine, and tryptophane. (See Chart II of the 
preceding paper.) The inference made from such experiments 
is that the fertility and partial success of rearing of young on the 
velvet bean pod meal rations must be attributed to a dietary fac- 
tor other than water-soluble B. Since the mineral elements, fat- 
soluble A, and the antirachitic factor were amply provided for 
in those rations (the rat being able to synthesize the water-soluble 
C vitamin (7)) the success of reproduction must be ascribed to a 
new unidentified factor which influences reproduction. 

Lot 250, Chart VIII, discloses an interesting fact. In this ration 
no addition of water-soluble B vitamin was made, and polished 
rice, which is reported as being practically absent in that complex 
was the natural foodstuff introduced; therefore, the only source of 
that vitamin is the 35 per cent of skimmed milk powder. That 24 
per cent of skimmed milk powder allows considerable growth to 
take place has been shown by McCollum and Davis in their paper, 
*^The influence of the plane of protein intake on growth” (8), so 
it is not at all surprizing that the 35 per cent of skimmed milk 
powder in this ration furnished considerable of the water-soluble 
B complex. The addition of an alcoholic extract of 30 gm. of 
wheat embryo, however, to a 50 per cent skimmed milk powder 
ration, in the presence of an abundance of all the other dietary 
factors, produced no fertility (see Chart VI, Lot 239, preceding 
paper). Therefore, the success with fertility and partial success 
in rearing of young on this ration must be ascribed to some new 
factor in polished rice that is essential for reproduction. 

In the preceding paper experimental evidence has been presented 
showing the inability to secure fertility by improving the protein 
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moiety of the milk diets both as to quantity and quality of amino- 
acids; yet, on a ration containing polished rice, 50), casein (commer- 
cial), 40, dextrin, 10, and a liberal supply of whol^ milk, four suc- 
cessful generations were secured, although the only foreign mate- 
rial added was the polished rice. The fourth generation is growing 
normally just as the former three generations did. I repeat and 
emphasize then that polished rice must contain some as yet 
unrecognized dietary factor that is essential for reproduction. 

As shown in Charts IX and X, rolled oats and yellow corn play 
a similar role to polished rice in reproduction. 

Effect of Agar-Agar on Reproduction, 

Recently Mitchell (9) reported that she secured success with 
reproduction by incorporating 5 per cent of purified agar-agar in 
the ration, replacing an equivalent amount of starch. The data 
indicated in Chart VI do not bear out her contention. The ration 
contained protein of excellent quality, a suitable salt mixture 
derived from milk, iron citrate to make up for the deficiency of 
iron in milk, a liberal supply of fat-soluble A, the antirachitic fac- 
tor, and water-soluble B. 5 per cent of agar-agar was introduced 
in the diet, yet no fertility resulted. 

Effect of Green Lettuce on Reproduction. 

Green lettuce, as claimed by Evans and Bishop, produces a 
pronounced effect on reproduction. It is unfortunate that more 
animals were not employed in this experiment. One female 
became pregnant but died during parturition, but the other reared 
four young, during the lactation period, at a normal rate. 

While it is true that an insutficient number of females were 
employed in the experiments which had the addition of a single 
natural foodstuff, the data presented clearly show that fertility 
always resulted and that in each ration at least one mother mani- 
fested a significant degree of success in rearing her young, which 
seldom happened in any of the experiments in which synthetic 
diets of purified food stubstances were employed. 

The data of this communication also bring out incidentally 
the r61e played by water-soluble B vitamin in reproduction. 
Increasing the level of the concentration of that vitamin from an 
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alcoholic extract of 10 to 30 gm. of ether-extracted wheat embryo, 
litters of four young of the mothers on those rations have been 
reared from a maximum weight of 60 to 150 gm. during the lacta- 
tion period. On the highest level of water-soluble B intake the 
young were able to help themselves to food 3 weeks after birth 
and grew up to be large rats weighing over 70 gm. each at the age of 
6 weeks. 


Stability of the Reproductive Dietary Complex. 

The Georgia velvet bean pod meal, with which significant suc- 
cess in reproduction^ was secured on the higher planes of water- 
soluble B vitamin intake, was autoclaved for IJ hours at 15 to 
18 pounds pressure, because it was previously found that the velvet 
bean seed is toxic to rats when fed in the raw condition (6). It 
would, therefore, seem that this new dietary complex which plays 
such a significant r61e in reproduction is relatively thermostable. 

Nomenclature of the Reproductive Factor. 

It is now generally conceded that fat-soluble A signifies the 
antixerophthalmic vitamin, water-soluble B represents the anti- 
beri-beri and growth-promoting complex, and that water-solu- 
ble C indicates the antiscorbutic vitamin. 

’ In this connection the author would like to correct an erroneous conclu- 
sion drawn with respect to the r61e of cystine in reproduction in a previous 
publication (10). The data presented were of a preliminary character and 
a number of experiments were conducted to secure more evidence on this 
point. The technique then adopted was to add cystine during the second 
lactation period of the females, and note the degree of success of rearing of 
young, during that pieriod when cystine was incorporated in the diets, as 
compared with that secured during the first lactation period when cj^'stine 
was absent in the rations, and it seemed at that time that a small but defi- 
nite improvement in rearing of young was apparent, which was attributed to 
the addition of cystine. Further attempts along that line do not bear out 
such results, and attention is called to the danger in employing such tech- 
nique. A female rat may be more vigorous when it gets a little older and 
manifest some improvement in rearing its second litter without any dietary 
changes and no significance should be assigned to small differences in the 
degree of success of rearing young. The only safe method is to use controls, 
make specific additions to other experiments, and note the effect of such 
changes on fertility and rearing of young during the first lactation period, 
or several lactation periods if possible 
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In 1921, Funk and Dubin (11) reported the separation from 
vitamin B of a substance which stimulates the grpwth of yeast and 
streptococcus, which they provisionally call At the pres- 

ent time there is considerable controversy as to whether there 
actually exists a substance necessary for the growth of yeast. 
The work of Nelson, Fulmer, and associates seems to indicate that 
it is possible to grow yeast on a medium wholly synthetic in origin 
(12). MacDonald (13) maintains that the growth-stimulating 
substance for yeast which Funk and Dubin have provisionally 
named ^^D^^ cannot logically be placed in the classification of the 
vitamins, and is not an indispensable nutrient principle for yeast, 
since it is synthesized during the slow proliferation of yeast cells in 
a medium of purified nutrients. 

In 1922 McCollum, Simmonds, Becker, and Shipley (14) pro- 
duced evidence showing that oxidation destroys the fat-soluble A 
vitamin in cod liver oil without destroying another substance which 
plays an important role in bone growth. Cocoanut oil was shown 
to be lacking in fat-soluble A, since it will neither prevent nor 
cure xerophthalmia. This oil, on the other hand, contains a sub- 
stance which stimulates the deposition of calcium salts in rickets 
in a manner similar to cod liver oil. 

Since the experimental evidence of McCollum and coworkers 
on the iseparation of the antirachitic from the antixerophthalmic 
vitamin is clear and convincing, it is proposed that the term ^^D^^ 
be employed to represent the antirachitic factor, and since the 
term ^Vitamins^^ has hitherto been used to designate substances 
the chemical nature of which has not yet been disclosed, but 
which have specific physiological fimctions, the author feels that 
he is not premature in applying the term vitamin to this dietary 
complex essential for reproduction. Therefore, if the evidence 
presented by the author and that published by Evans and Bishop 
on the new dietary complex essential for reproduction is accepted 
as fully convincing, it is suggested that this factor be termed 
vitamin instead of substance as proposed by Evans 

and Bishop. 

^ It IS, of course, not impossible that this dietary complex is a mineral, 
the physiological r 61 e of which has not yet been investigated. 
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SUMMABY. 

1. From experiments initiated years ago and recently com- 
pleted, the results of which are embodied in this and the preced- 
ing paper, I conclude that, in addition to the antixerophthalmic, 
antirachitic, antiberi-beri, and antiscorbutic vitamins,® there 
exists another hitherto unrecognized vitamin, that is essential for 
reproduction, which becomes evident only in breeding experi- 
ments where rations composed of purified food substances are 
employed. 

2. This reproductive vitamin has been found to occur in Georgia 
velvet bean pod meal, polished rice, yellow corn, and rolled oats. 

3. If the term be accepted for the designation of the anti- 
rachitic factor, it is proposed that the term be adopted to 
represent this new dietary factor that influences reproduction. 
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* In autoclaving the velvet bean pod meal for IJ hours at 15 to 18 lbs. 
pressure the antiscorbutic vitamin certainly must have been destroyed, and 
still, with such treated pod meal, fertility and a significant success m rearing 
of young were possible. From such results it would seem that failure in 
reproduction should not be ascribed to water-soluble C, or the antiscorbutic 
vitamin. 




THE EXCRETION OF AMMONIA AND NITROGEN. 


By ROGERS HUBBARD. 

{From the Laboratories of the Clifton Springs Sanitariumy Clifton Springs, 

New York,) 

(Received for publication, November 3, 1923 ) 

In a previous article (Hubbard and Munford, 1922), a series of 
determinations of the excretion of acid and ammonia in a number 
of normal subjects and of subjects suffering from achlorhydria 
was discussed. It was concluded that the concentration of am- 
monia in the urine approximately paralleled the reaction, and that, 
if the reaction was constant, the excretion of ammonia varied with 
the volume. Since the article was published Marshall and Crane 
(1922) have reported experiments upon the differential excretion 
of ammonia in operated dogs when one kidney was excreting a 
large volume of fluid and the other a smaller volume. Under the 
conditions of their experiments the concentration and rate of 
ammonia excretion did not var^^ with the reaction and volume of 
the urine excreted from the different kidneys. Since the results 
of Hubbard and Munford were based on a statistical study, while 
those of Marshall and Crane were founded on controlled experi- 
mental data, it has seemed best to analyze a more extensive col- 
lection of data than that previously discussed to see whether the 
results on normal human subjects were confirmed. 

One series of results of this kind has already been reported 
(Hubbard and Allen, 1923). In this series the concentration of 
ammonia varied with the reaction, and an agreement between 
the rate of ammonia excretion and volume was demonstrated 
when the reaction was constant, but this last agreement was not 
so close as it was in the experiments studied earlier. In the results 
discussed below further data on these points are presented, and 
an attempt is made to determine whether the nitrogen excretion, 
which in general agrees roughly with the volume, accounted for 
the agreement noted between volume and rate of ammonia excre- 
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tion. The ratio between ammonia and nitrogen, which Hassel- 
balch (1916) found to agree more closely with thCf reaction than 
did the concentration of ammonia, has also been studied. 

The subject of the experiment was a normal man (the author), 
who did not take active exercise during the periods. Specimens 
of urine were collected at hourly intervals by the method of Mar- 
shall (1922). In most instances these specimens were collected 
only through the morning, but one series which was collected 
throughout the day has been included. Protocols of some of the 
results have been published (Hubbard, 1922). Results on two 
specimens collected after the injection of adrenalin chloride have 
been included (the results found on analysis of these specimens 
were strictly comparable with the others), but otherwise the 
different experiments differed from each other only by differences 
in the food taken. The results are based upon two series of experi- 
ments, one carried out in July, 1922, and one in June, 1923. The 
amounts of ammonia excreted were rather different in the two 
series, and tables similar to those presented below were prepared 
from each series separately. These tables showed practically 
the same things as did the ones discussed, except that the positive 
findings were a little more clearly defined, but, as there was no 
good reason which could be assigned for not considering all the 
results as a whole, they have been so considered in this paper. 
Total nitrogen was determined by the method of Folin and Denis 
(1916) slightly modified to permit the use of the oxidizing reagent 
of Folin and Wu (1919). Other determinations were made as 
has been previously described (Hubbard and Munford, 1922). 
All analyses were made within a few hours of the time when the 
specimens were collected, and in most instances the hydrogen ion 
concentration was determined within 1 hour. Nitrogen deter- 
minations were not made upon a few of the specimens. 

Tables I and I A were prepared as were the similar tables in the 
earlier papers. The results from each specimen of urine were 
arranged in order of the differences in some factor, and the number 
of pairs of determinations in which this factor varied was counted. 
The number of pairs in which the direction of the variation of 
other factors agreed with that of the independent variable (see 
the foot-notes to the tables for information as to whether this 
agreement was studied as a direct or inverse relationship) was 
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Total nitrogen concentration vanes inversely and the rate at which it is excreted, directly, with the volume. Both 
concentration and rate of excretion of total nitrogen are highest when acidity is greatest. Ratio is highest when acidity 
is highest and when volume is smallest Ammonia excretion and concentration vary directly with total nitrogen ex- 
cretion and concentration. 
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also counted and the result expressed as percentage of the total 
pairs. The tables also show the effect of the degree of difference 
between the values of the independent variable. 

The tables make it clear that it is difficult to interpret the effect 
of any one factor upon the excretion of ammonia, for in several 
instances there is agreement between these factors themselves. 
The nitrogen excretion and concentration varied closely with the 
volume, and the volume and the reaction varied together. Agree- 
ment between these two last factors has been found in the three 
series studied so far, but it seems inadvisable to conclude that 
variations in both may not be produced by the same cause, for in 
some cases with achlorhydria rather great changes in volume are 
not accompanied by marked changes in reaction. The most 
marked agreement of the ammonia with any of the other factors is 
that between the ammonia concentration and the reaction. This 
agreement is not only the closest between ammonia and any of 
the factors considered as possible independent variables, but it is 
also the closest agreement between the reaction and any of the 
urine constituents studied. It seems to the author that the evi- 
dence is sufficient to justify the conclusion that there is a causal 
relationship between the two. It should be noted that in this 
series the agreement between the ammonia concentration and the 
reaction is closer than between the ratio ammonia nitrogen : total 
nitrogen and the reaction. This is different from the findings of 
Hasselbalch described above. 

In order to decide whether there is agreement between ammonia 
and volume or ammonia and total nitrogen Tables II to IV have 
been constructed. In Table II only those specimens which showed 
differences between the reactions of 0.2 pH or less have been in- 
cluded, and the other findings have been analyzed as they were in 
the tables already described. This table shows that when the re- 
action was constant the rate of ammonia excretion varied approxi- 
m'ately with the volume and the amount of nitrogen excreted, but 
that the agreement between ammonia and volume was closer than 
between ammonia and nitrogen. It seems probable that the agree- 
ment last named is incidental to the agreement which exists between 
the rates of nitrogen and water excretion. The agreement between 
volume and ammonia shown in Table II is not so close as was that 
shown in the series of Hubbard and Munford; the author believes 
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TABLE II. 


Reactions vary 0.2 pH or less. 
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Ammonia excretion varies directly with volume and total nitrogen 
excretion. 


TABLE III. 


Volumes vary 10 cc. or less. 
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Ammonia concentration increases as reaction of urine becomes more 
acid. It varies directly with the total nitrogen concentration. 
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that the presence in the earlier series of a number of determina- 
tions upon cases of achlorhydria may account for the difference. 
In those cases the reaction of the different specimens was approxi- 
mately constant, while in the normal subject studied the reactions 
of successive specimens were often very different, changes during 
the periods of collection would cause irregularities in the results, 
and such changes were probably absent in specimens from patients 
with achlorhydria. 

In Table III the results of detei-minations upon specimens which 
had approximately the same volume are similarly studied. This 
table shows approximately the same agreement between reaction 
and ammonia concentration as did Table I A which included all the 
results. In the series of Hubbard and Munford agreement was 
better when specimens which were approximately equal in volume 
were compared. As there are more results available for comparison 
in the present series than in the former one it seems probable that 
the conclusions drawn from them should be considered as more 
nearly correct, but, on the other hand, there were fewer specimens 
with large volumes in the present series, so there would not be much 
difference between conclusions based upon all results and on those 
in which the volume was constant. Table III shows that the 
ammonia concentration varies with the reaction rather than with 
the nitrogen concentration. 

In Table IV results from specimens in which the reaction did 
not vary more than 0.2 pH and the volume or the rate of nitrogen 
excretion was also approximately the same have been studied. 
There were only a few determinations which fulfilled these condi- 
tions, but the results show clearly that in this series there was 
better agreement between the volume of fluid excreted and the 
ammonia than between nitrogen excretion and ammonia. In fact, 
when the volume and the reaction were both the same there was no 
relationship bet^^een nitrogen and ammonia elimination. 

While the method used in studying the results is not one which 
will show exact agreement between factors — for it only shows 
whether a particular determination is in its proper place in rela- 
tionship to other results, and not whether its value is such as would 
be predicted from a study of other values in the series — still it is 
well adapted for comparing the effect of two variables on a third, 
and when the agreement shown between two is close it makes it 
probable that there is a true relationship between those factors. 
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Ammonia excretion vanes directly with the volume and total nitrogen excretion. 
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In the present series the author believes that the results justify 
the following conclusions; first, that there was a relationship 
between the reaction of specimens and the concentration of am- 
monia which they contained, that the agreement between them 
was closer than was that between reaction and either the amount 
of ammonia excreted or the ratio between total nitrogen and 
ammonia, and that the volume of the specimens had no effect 
upon the agreemeikt; second, that there was agreement between 
the rates at which ammonia and fluid were excreted when the reac- 
tion was constant; third, that there was no relationship between 
the rates at which nitrogen and ammonia were excreted which could 
not be better explained as a relationship between volume and 
ammonia. These results confirm in general the findings of Hub- 
bard and Munford upon the excretion of ammonia by normal 
human subjects. 
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SOME CHANGES IN THE COMPOSITION OF BLOOD DDE 
TO THE INJECTION OF INSULIN.* 
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Washington University School of Medicine^ St. Louis ) 

AND EDWARD A. DOISY and CLARENCE J. WEBER. 
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MedicinCy St. Louis ) 

(Received for publication, November 10, 1923.) 

Studies of the acid-base relations and of the inorganic elements 
of the blood are of interest in any condition associated with 
tetany.^ Characteristic manifestations of large doses of insulin 
in dogs are: at first, a period of marked depression and muscular 
weakness which gradually passes into a period of hyperirritability 
in which the animal may have twitchings or more generalized 
convulsions. 

We had expected to study the alterations in the blood during 
the latter period, but in our first experiment we took a sample of 
blood before the onset of hyperirritability. Analyses showed 
some very interesting changes, so in subsequent experiments the 
second blood specimen was always taken during the period of 
depression; if a third was taken, it was obtained before general 
convulsions supervened but usually during the hyperirritable 
stage. 

* All the experimental work was done at Washington University School 
of Medicine. 

1 The term tetany, it seems, should be restricted to conditions of hyper- 
irritability as evidenced by electrical reactions (Denis and von Meysenbug, 
1923) . Observations upon electrical excitability were not included in these 
experiments, but the condition of hyperirritability preceding the con- 
vulsions was manifested by various twitchings which were elicited or 
exaggerated by stimuli such as simply tapping the cage. 
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Blood Changes Due to Insulin 


EXPERIMENTAL. 

Experimental Procedure . — The work was done on dogs which had 
been fasted for 2 days previous to the experiment. Samples of 
blood were collected under dil from the femoral artery by puncture 
through the skin. One sample of the blood was centrifuged (under 
oil) to obtain plasma for the determination of inorganic elements; 
another was analyzed for oxygen, carbon dioxide, glucose, and 
lactic acid. Two portions of the whole blood were equilibrated 
with carbon dioxide tensions, one of which was less and the other 
more than the value expected for the arterial carbon dioxide ten- 
sion, and then analyzed for carbon dioxide. From the oxygen 
and carbon dioxide analyses the arterial pH was computed.*^ 

The methods employed in the analytical work were as follows: 
lactic acid, Clausen (1922); sugar, Shaffer-Hartmann (1921); 
carbon dioxide and oxygen, Van Slyke and Stadie (1921); and 
inorganic elements, Briggs (1923). 

Experimental Results. — Alterations Due to Insulin . — The data 
obtained from our experiments are summarized in Table I. The 
changes in each substance determined are shown more clearly in 
Tables II, III, IV, and V, and Fig. 1. 

Leaving the bicarbonate out of consideration for the moment, 
it is seen that all the inorganic elements with the exception of 
potassium and phosphate show a remarkable constancy. Both 
potassium and phosphate show a decided decrease during the 
period of depression, but in the few experiments in which a sample 
of blood was taken during the stage of hyperirntability the 
phosphate had risen to above the control value and the potassium 
had generally started a return toward the normal. 

The partial disappearance of inorganic phosphate,^ which occurs 

* The results of seven experiments upon three of the dogs used in this 
work give an average value of 0 57 cc of CO 2 carried for 1 cc of O 2 unsatura- 
tion without change in hydrogen ion concentration. The individual values 
which varied from 0 52 to 0 63 at pH 7 30 are considerably higher than the 
average value 0 45 obtained on human blood (Doisy, Briggs, Eaton, and 
Chambers, 1922). The pH of each arterial blood was corrected for oxygen 
unsaturation by use of the figure 0.57. 

* Wigglesworth, Woodrow, Smith, and Winter (1923) have published 
results which show a fall in the inorganic phosphate of the blood of rabbits 
after insulin with a return toward the normal value upon the injection 
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during the period in which the glucose is likewise below normal, 
is possibly in keeping with the views of Embden, Griesbach, and 
Laquer (1914-15) that phosphate-carbohydrate compounds are 
concerned in the metabolism of carbohydrate. Our few figures 
(Table IV) upon whole blood indicate that, notwithstanding the 
decrease of inorganic phosphate, the acid-soluble phosphate of 
whole blood does not change; possibly the inorganic phosphate 
has been used in the synthesis of a compound such as hexose 
phosphoric acid which has been stored in the cells. The formation 
of organic phosphate can at most account for but a small fraction 
of the lost glucose; such a compound may, however, be a transient 
though important factor in the intermediary metabolism. 

Our results on potassium are difficult to interpret; there seems 
to be a loss from cells as well as plasma. 

Contrary to the experiments of Dixon and Pemberton which are 
cited by Macleod (1923) we find significant decreases of bicarbo- 
nate and pH. These changes are to be expected from the increases 
of lactic acid and are probably to be considered as a direct effect. 
The increase of lactic acid is of approximately the same magnitude 
as the decrease of alkaline reserve. 

We feel certain that increased muscular activity played no 
part in the observed production of lactic acid. The most con- 
spicuous outward effect of the insulin at the time of taking the 
second blood sample was the drowsy, asthenic condition. During 
this period the respirations seemed to be greater in depth and 
the rate a little less. A local anoxemia might conceivably have 
been the cause of the lactic acid production, but the general 
systemic blood (femoral artery) was well aerated. The oxygen 
unsaturation was always less than 15 per cent and generally less 
than 10 per cent. 

of glucose. They have found no change in the acid-soluble phosphate 
We have performed some experiments upon rabbits, but our results are so 
contradictory and confusing that we have omitted them from this paper. 

Harrop and Benedict (1923) have published a preliminary note in which 
attention is called to the effect of insulin upon the inorganic phosphate and 
potassium of the blood. Their work is particularly interesting because 
of the comparison between the effects of strychnine- and insulm-induced 
convulsions. 
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TABLE II 


Characteristic Changes Produced hy Insulin, 


Glucose 

* 


Laotic acid * 

Inorganic 
phosphorus t 

Potassium t 

1 


a> 

o 

s 

1 

1 

1 



1 


1 

PQ 

< 

"S 

« 

m 

< 

e3 

v> 

« 

< 

2 

a> 

« 


2 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg. 

mi. 

mg. 

108 

70 


20 5 

32 9 


1 5 

1 0 


19 5 

15 4 


131 

67 


19 8 

62 0 


2 6 

0 8 


19 9 

11 7 


118 

63 

80 

37 6 

93 0 

34 6 

2 4 

1 0 

3 6 

18 6 

13 1 

16 6 

114 

74 

62 

21 5 

41 7 

25 2 

2 9 

0 8 

4 2 

18 0 

13 2 

15 4 

119 

56 





1 7 

1 6 


21 0 

20 0 


119 

107 


32 0 

119 


3 5 

1 2 


IS 3 

16 3 


121 

103 


53 5 

73 2 


3 0 

1 3 


18 3 

15 7 


108 

72 

64 

32 1 

57 5 

53 5 

3 5 

0 9 

3 7 

18 0 

10 4 

10 7 

106 

55 

53 

23 2 

20 8 

25 6 

4 2 

3 1 

5 9 

22 8 

18 3 

17 1 

84 

35 


25 6 

30 3 


5 5 

3 2 


19 4 

16 9 


100 

62 

46 

61 4 

101 0 

83 9 

2 4 

0 8 

2 9 

17 1 

9 5 


Average 112 

70 


33 5 

66 8 


3 0 

1 3 


19 2 

14 6 



* Figures for glucose and lactic acid are m mg per 100 cc of whole blood, 
t Figures for inorganic phosphorus and potassium are in mg. per 100 cc, 
of plasma. 


TABLE III 


Elements Which Showed No Significant Change after Insulin. 


Sodium 

Chlorides 

Calcium 

Magnesium 

Before 

After 

Before 

After 

Before 

After 

Before 

After. 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

321 

326 

562 

612 

10 9 

10 5 

2 1 

1 9 

324 

333 

590 

613 

10 7 

11 4 

2 3 

2 2 

337 

320 

641 

612 

10 3 

10 3 

2 1 

2 0 

341 

339 

618 

633 

11 6 

12 1 

2 3 

2 1 

316 

329 

602 

618 

11 3 

11 9 

2 3 

2 3 

320 

314 

598 

576 

10 9 

11 3 

3 4 

3 3 

320 

325 

612 

596 

10 0 

10 0 

3 0 

2 8 

338 

329 

652 

612 

10 4 

10 0 

2 3 

2 0 



661 

664 

10 0 

10 7 

2 2 

2 2 

334 

320 

624 

602 

9 8 

10 7 



Average 329 

326 

615 

615 

10 6 

10 8 

2 4 

2 3 
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Althpugh our experimental data are insufficient for the estab- 
lishment of a theory of the effect of insulin upon the carbohydrate 
metabolism, it may be permissible to indulge in a few speculations 
and an endeavor to correlate some other observations with ours. 
In the first place there is not a great deal of positive evidence in 
favor of any of the various hypotheses concerning the disappear- 
ance of the blood sugar (see Dale, 1923) of normal animals. 

The experiments of Dudley, Laidlaw, Trevan, and Boock 
(1923) indicate that the sugar does not disappear from the blood 


TABLE IV. 

Phosphates on Blood and Plasma 



Blood 

Plasma 

Date 

Acidnaoluble 

Inorganic 

Acid-soluble 

Inorganic 


Before 

After 

Before 

After 

Before 

After 

Before 

After 

ms 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

Aug. 18 

27 3 

27 3 

2 1 

1 1 

2 2 

1 2 

2 4 

1 0 

<< 21 

30 0 

30 4 

3 92 

2 90 

4 28 

3 43 

4 17 

3 10 

28 

25 5 

25 0 

4 5 

2 7 

5 6 

2 6 

5 5 

2 2 


TABLE V 

Potassium on Blood and Plasma 


Date 

Blood 

Plasma 

Before 

After 

Before 

After 

im 

mg 

mg 

mg 

mg 

Aug. 18 

28 9 

30 4 

16 1 

13 1 

« 21 

35 1 

31 5 

22 8 

18 3 

“ 28 

30 5 

26 9 

16 9 

15 2 


because of increased combustion. Kellaway and Hughes (1923) 
have found increases in respiratory quotients, but do not believe 
that the oxygen utilization is sufficient to account for the glucose 
that has disappeared. Lyman, Nicholls, and McCann (1923) 
have shown that small doses of insulin given to normal men 
increase both the respiratory quotients and heat production. 
Although Kellaway and Hughes do not so interpret their results 
it seems probable that insulin does cause a slight increase in the 
rate of combustion of carbohydrate. 
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With regard to the other hypotheses of conversion to glycogen 
or to fat, the paper of Dudley and Marrian (1923) offers direct 

m. 

pep 
100 
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70 
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10.00a.m. l.SOpm 5.00p.rn. 

Fig. 1. Changes found in the experiment of Aug. 18, 1923. 

contradiction. They have found no change in the liver fat and an 
actual decrease in the glycogen content of liver and muscle. 

There seems to be no doubt from our results that the disap- 
pearance of sugar i^ due to the formation of lactic acid. The 
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trend of biochemical opinion is to lay considerable stress upon the 
reversible reaction 

Glucose ;=± lactic acid 

Embden and Isaac (1917) have shown that the liver from a 
diabetic animal appears to have lost the power to form lactic 
acid from glucose and that lactic acid is converted to glucose. 

Our belief is that insulin influences the reversible reaction in 
the direction of lactic acid and that glucose is formed in diabetic 
animals because the influence is lacking. That lactic acid is 
subsequently disposed of in part by oxidation is indicated by the 
slight rises in oxygen consumption referred to above. 

We would like to point out that if the lactic acid rise occurs in 
all the tissues as well as blood the CO 2 liberated is sufficient to raise 
appreciably the respiratory quotients. Such a condition must be 
taken into consideration in the study of respiratory data on 
normal animals following the use of insulin. 

CONCLUSION. 

Insulin causes a decrease in the concentration of glucose, 
inorganic phosphate, and potassium in the blood of normal 
animals. There is a parallel increase in lactic acid apparently 
formed from glucose under the influence of insulin. 
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SOME CHEMICAL REACTIONS OF THE SUBSTANCE 
CONTAINING INSULIN.* 

By HORACE A. SHONLE and JOHN H WALDO. 

{From the Lilly Research Labor atones ^ Eh Lilly and Com'pany, Indianapolis.) 

(Received for publication, November 8, 1923.) 

The pancreatic substance containing insulin^ used in the 
experiments recorded below was prepared from the pancreas of 
hogs according to the method developed^ by Mr. George B. 
Walden of the Lilly Research Laboratories, and which has been 
published by the Council of Pharmacy and Chemistry of the 
American Medical Association 

This experiment, which is an extension of Mr. Walden's work, 
was started at the suggestion of Dr. G. H. A. Clowes with the 
hope of isolating the physiologically active substance as a com- 
pound possessing a definite chemical constitution, or at least 
of determining some characteristic reaction peculiar to the active 
principle. Though neither of these results has been achieved 
it was thought that the somewhat disconnected data secured 
might be of interest. 

A solution of insulin, thus prepared, gives almost all the pro- 
tein tests, and consists chiefly of proteoses, together with some 
peptones, peptides, and amino-acids. Different lots prepared 

* A report of certain phases of the chemical investigation of insulin in 
which this laboratory has been engaged since October 1, 1922 This paper 
was read before the Medicinal Products Section of the American Chemical 
Society at the 1923 Milwaukee meeting At our request the paper was 
released from publication in the Journal of the American Chemical Society. 

^ All the material used was manufactured by Eli Lilly and Company 
under the trade name “iletin.*^ 

* This method is a development of the method discovered by Bantmg, 
Best, Collip, and Macleod (Banting, E, G , Best, C. H., Collip, J, B., and 
Macleod, J. J. R., Tr. Roy. Soc. Canada^ 1922, xvi, 1) 

* Iletin (Insulin — Lilly), J. Am Med Assn , 1923, Ixxx, 1851. 
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Insulin-Containing Substance 


in the same manner will show different proportions of proteose 
and its degradation products per unit.'* 

Protein precipitants such as tungstic, phosphotungstic, nitric, 
trichloroacetic, tannic, picric, and m-phosphoric acids; absolute 
alcohol; sodium, zinc, and ammonium sulfate, etc., carry down 
the active substance in the precipitate formed, leaving an inactive 
filtrate containing polypeptides and amino-acids. Regardless 
of whether the precipitating agent formed a definite compound 
with the insulin or whether it was merely a salting out effect, 
usually the entire amount of active material can be recovered 
from the precipitate. 

By repeated precipitation at the isoelectric point or with 
trichloroacetic acid it is possible to secure an active preparation 
which contains a minimum amount of nitrogen and which is 
practically free from non-protein nitrogen. While reprecipitation 
tends to free the insulin from a part of the inert substances, if 
repeated too often it considerably weakens the active material 
so that in the final product we do not find an increase in the 
percentage of activity corresponding to the quantity of impurity 
removed. Inactivation has occurred during the manipulation, 
since the filtrate is inactive. 1 cc. of purified concentrated 
insulin, containing 100 units,® gives a negative Molisch reaction 
(carbohydrate); a positive biuret reaction (protein); a faint 
ninhydrin reaction (a-amino-acid group); a negative Hopkins- 
Cole reaction (tryptophane); a negative Ehrlich's p-dimethyl- 
aminobenzaldehyde reaction (indole derivatives) ; a faint Millon's 
reaction (tyrosine) ; a positive Ehrlich's diazo reaction (tyrosine 

* The physiological standardization of the insulin used in this report 
was carried out on rabbits, the unit being the provisional clinical unit 
formerly used by the Insulin Committee of the University of Toronto. 
This unit was one-third of the minimum amount of insulin which on sub- 
cutaneous injection into fasted 2 kilo rabbits lowered the blood sugar to 
the convulsive level, 0 045 per cent, within 2 to 5 hours in 60 to 70 per cent 
of the animals employed. In no case have the results been based on data 
secured from the injection of two or three rabbits alone. 

* In making tests on insulin, it is necessary that the amount of organic 
material in solution is sufficiently large to come within the range of the 
sensitiveness of the reaction. A 1 cc. sample containing a few units does 
not give many of the above tests simply because the concentration of the 
reacting groups is too small. 
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and histidine);^ a positive xanthoproteic reaction (benzene nu- 
cleus) ; a positive reaction for cystine and tyrosine by Folin and 
Looney ^s method;^ a positive test for reduced sulfur after boiling 
with NaOH; no color with sodium nitroprusside (SH groups); 
no phosphorus after fusion; and after hydrolysis, a negative 
Wheeler-Johnson reaction (uracil and cytosine) and no precipi- 
tate with ammoniacal silver nitrate (purines).® 

Though the above reactions were run quantitatively whenever 
possible, no correlation could be secured between the intensity 
of any of these reactions and the physiological activity in the 
most highly purified products. The destruction of the physio- 
logical activity does not affect any of the above reactions. 

It has not been possible to concentrate insulin by repeated 
precipitation with protein precipitants or at the isoelectric point 
beyond the point of 0.006 mg. of nitrogen per unit. The per- 
centage of nitrogen shows considerable variation, with the ma- 
jority of the preparations having a nitrogen content of 17 to 20 
per cent. While the nitrogen determinations in the course of 
purification were carried out by the micro Kjeldahl method,® 
the final evaluations were determined by combustion. The 
composition of a number of samples is given in Table 1. 

From the data of Table I it is apparent that precipitation 
methods are inadequate to purify insulin to the point of securing a 
substance of constant composition. The use of the same methods 
of purification on different lots yields products showing a marked 
variation in the C, H, and N content. It is probable that we are 
dealing with a complex mixture of closely related substances 
whose composition during the process of reprecipitation tends 
to become constant. Factors, as yet uncontrollable, determine 
the proportion of these related substances in the gland extract. 

• The destruction of tyrosine by nitration (Brunswick, H , Z. physiol, 
Chem , 1923, cxxvii, 268) allows a positive test for histidine. Histidine was 
detected after nitrating insulin 

^ Folin, O , and Looney, J M , */. Biol Chem , 1922, li, 421. 

® Best and Macleod (Best, C H , and Macleod, J J. R , /. Biol. Chem., 
1923, Iv, p. xxix), Doisy, Sornogyi, and Shaffer (Doisy, E A , Somogyi, M., 
and Shaffer, P. A., J Biol. Chem , 1923, Iv, p xxxi), and Dudley (Dudley, 
H. W., Biochem. /., 1923, xvii, 376) have reported on some chemical re- 
actions of msulip. Practically all the above tests were made prior to the 
publication of these papers. 

• Folin, O., and Wu, H., J. Biol. Chem , 1919, xxxviii, 81. 
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Purified insulin is soluble in dilute acids and alkalies, but is 
insoluble at a pH of 4.7 to 5.0.^® Insulin is^ unstable toward 
alkali, but is relatively stable toward acid. Wien inactivated 

TABLE I 


Sample 

No 

Description 

Z-1 

Z-2 

725,679 

‘ ‘ Crude insulin, ’ ’ dried pre- 
cipitate from 93 per cent 
alcohol precipitation 

729,715 
729,719 1 

“Crude insulin” reprecipi- 
tated at isoelectric point 
until N per unit was 
constant 

729,719 

Last filtrate from No 
729,719 

51,023 

“Crude insulin^precipitated 
at isoelectric point and 
with trichloroacetic acid 

51,023Z 

Reprecipitation of No 
51,023 at isoelectric point 
and with trichloroacetic 
acid. 

62,923 

“Crude insulin’^ precipi- 
tated at isoelectric point 
and with trichloroacetic 
acid 

71,223 

Purified in the same way as 
No. 62,923 

72,723 

Purified in the same way as 
No. 62,923 


C* 

H* 

N* 

Ash 

Organio 
sou da 

1 

N 

per 

per 

per 

W7 

m? per 

mg per 

cent 

cent 

cent 

umt 

umt 

unit 

42 60 

7 47 

17 44 

16 50 

2 2200 

0 3870 

40 19 

8 70 

18 39 

17 90 

0 5460 

0 1000 

39 25 

6 45 

13 52 

19 80 

1 7700 

0 2390 

51 48 

12 24 

15 85 

1 90 

0 0491 

0 0078 

51 15 

7 77 

21 85 

2 45 

0 0585 

0 0127 



21 67 

23 50 

0 1290 

0 0279 



18 02 

4 00 

0 0499 

0 0090 

41 12 

8 68 

17 95 

3 66 

0 0613 

0 0109 

41 32 

10 00 

19 76 

2 60 

0 0486 

0 0096 

36 16 

6 13 

20 06 

3 20 

0 0840 

0 0168 

38 83 

6 41 

18 43 

0 00 

0 0337 

0 0061 


C, H, and N determinations are based on organic solids. 


^0 Crude insulin, which is water-soluble, can be purified and the entire 
activity secured in a fraction, which is insoluble in water. Witzemann and 
Livshis (Witzemann, E. J , and Livshis, L , J. Biol. Chem.y 1923, Ivii, 425) 
postulate a peptone-polypeptide type and a protein type of insulin based 
on the difference in solubility of crude and purified insulin. 
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by heating with alkali or with acid no increase in cr-amino-acid 
groups could be detected with the ninhydrin test, though in the 
latter case some hydrolysis must have occurred. It would appear, 
then, that only a slight disintegration of a complex molecule is 
necessary to destroy the insulin. Possibly the alkali racemizes^^ 
an essential group in the structure while the acid acts by slow 
hydrolysis. Numerous unsuccessful attempts have been made 
to reactivate the insulin destroyed by a brief warming in an 
alkaline medium through warming with acid. 

It is soluble in acidified absolute alcohol, but not in neutral 
or alkaline aloohol. But slight purification could be effected by 
this means since the protein accompanying the active fraction 
is likewise soluble in acid, but not in neutral or alkaline alcohol. 
It is insoluble in ether, benzene, and chloroform. 

Hiller and Van Slyke^^ have shown that trichloroacetic acid 
in concentrations below 5 per cent in serum allows some proteose 
and all the intermediate products such as peptones and pep- 
tides to go through into the filtrate. Since 95 per cent of the 
activity of insulin is precipitated by a 2.5 per cent concentra- 
tion of trichloroacetic acid, it would appear that the activity 
does not reside in the lower fragments of the protein molecule. 
Fractional precipitation of purified insulin with trichloroacetic 
acid or at the isoelectric point does not materially vary the 
amount of solid or nitrogen per unit in each fraction. 

Quite early in the investigation of insulin it was necessary to 
determine the stability of insulin to all proteolytic enzymes. It 
was found that insulin was rapidly destroyed by pepsin, papain, 
trypsin, and erepsin. 2 hours incubation of 3,000 units of insulin 
with 10 mg. of trypsin completely destroyed four-filths of the 
activity.^* Adequate controls were run in each case. An ex- 
amination of the products of digestion secured just at the point 
of complete inactivation is in progress. 

Insulin, in common with all unconjugated proteins, is levo-rotatory. 

Widmark (Widmark, E. M P , Biochem J , 1923, xvii, 669) discusses 
the solubility of a crude insulin which contains one rabbit unit per 20 to 25 
mg. of solids. 

Hiller, A., and Vah Slyke, D. D., J, Biol Chem.y 1922, liii, 253. 

Banting and Best (Banting, F. G , and Best, C. H,, J. Lab, and Clin. 
Med.j 1921-22, vii, 251, and private communication) found trypsin and 
pepsin destructive, and Witzemann and Livshis (Witzemann, E. J., and 
Livshis, L., J. Biol. Chem.j 1923, Ivii, 425) report on the destruction of 
insulin by pepsin, trypsin, and papain 
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Insulin is very readily adsorbed by kaolin, charcoal, Lloyd's 
reagent, etc., and the amount adsorbed bel^g, in the case of 
Lloyd's reagent, proportional to proteose adsorbed. Positive 
and negative colloids precipitate insulin along \Hth the proteose. 

During the prolonged dialysis of purified insulin in parchment 
paper or collodion sacs, part of the physiologically active sub- 
stance passed into the dialysate. In most cases only 10 to 20 
per cent of the activity was found in the dialysate, but in one 
set of experiments half of the activity passed through the mem- 
brane. The nitrogen content of the dialysate per rabbit unit 
was 0.002 mg. (micro Kjeldahl method). Ehrlich's diazo reac- 
tion has the same intensity per unit as had the original prepara- 
tion, while the sulfur content as shown by the lead acetate test 
after boiling with NaOH was decidedly less. Cystine and tyro- 
sine were present, and the other protein reactions present in 
the original substance were found. This insulin preparation 
was the purest we have obtained and we regret that there has not 
yet been a sufficient amount prepared to determine the C, H, and 
N content. 

The Van Slyke method shows no amino-acid in purified insulin 
samples containing 20 mg. of solids. After complete acid hydrol- 
ysis the same sized sample has 70 to 75 per cent of its nitrogen 
as a-amino-acid nitrogen. The melanin and amide nitrogen 
constitute 7 to 10 per cent, the diamino-acid fraction 35 per cent, 
tyrosine 3.6 per cent, and cystine 3.2 per cent of the total nitro- 
gen. Further investigation is in progress to determine whether 
there are any constituents other than amino-acids present. 

Insulin is readily destroyed by oxidation with very dilute 
solutions of hydrogen peroxide or potassium permanganate. 

Reducing agents such as sodimn bisulfite, sulfur dioxide, 
hydrogen, and stannous chloride destroy the activity. All at- 
tempts to reactivate reduced insulin by oxidation have failed. 

From the above data we can only conclude that the pancreatic 
substance containing insulin appears to be a complex mixture of 
proteoses, which give typical protein reactions and from which 
it has been as yet impossible to isolate a simple substance or to 
detect a chemical reaction that is characteristic of the physio- 
logically active constituent. Further research must determine 
whether the active principle is a proteose or is merely intimately 
dissociated with a proteose fraction. 



THE ISOLATION AND IDENTIFICATION OF RUTIN FROM 
THE FLOWERS OF ELDER (SAMBUCUS 
CANADENSIS L.).* 

By CHARLES E SANDO and JOHN URI I.LOYD. 

{From the Bujcau of Plant Industnjj United States Department of Agriculture, 

Washington, and the Laboratory of John Uri Lloyd, Cincinnati, Ohio ) 

(Kocoived for pulilication, November 19, 1923 ) 

A yellow pigment isolated from the white flowers of the elder 
(Sambucus canadensis L ) was briefly described in 1920 and ten- 
tatively called ^^eldrin.^^^ At that time no attempt was made to 
establish the exact identity or to determine its composition. These 
details are supplied in the present paper which embodies the results 
of a more complete investigation of the pigment. 

Preparation of Eldrin 

The elder flowers for this investigation were collected in June 
near Cincinnati, Ohio. The flowers, freed as far as possible 
from stems, were dried in the shade, finely ground, and exhaus- 
tively extracted by percolation with 95 per cent alcohol. The pale 
green alcoholic extract was evaporated to a small volume and 
then diluted with a large volume of hot water. After filtration 
of the hot solution, most of the alcohol was removed by evapora- 
tion. From the remaining solution the crude pigment separated 
after several days. This was collected on a Buchner funnel, 
washed, and dried. By this method, 326 gm. of impure eldrin 
were obtained from 22.7 kilos of fresh elder flowers.^ The impure 

* The writers wish to acknowledge the help received in this investigation 
from Mr Paul Williams 

1 Lloyd, J , Plant constituents, Eclectic Med J , 1920, Ixxx, 591 

2 A quantitative approximation of the eldrin content of air-dried elder 
flowers was made by extracting 233 gm , first with petroleum ether and 
ether and subsequently with 95 per cent alcohol, until the final extractions 
no longer gave a test for flavonol The alcoholic extract was evaporated 
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pigment was purified by extraction with successive small quanti- 
ties of cold 95 per cent alcohol and repeated crystallization from 
hot water, dilute acetic acid (1 per cent), aquepus pyridine, and 
finally hot water. The substance was thus obtained in the form 
of fine, very dense, fan-shaped tufts of silky crystals (Fig. 1) 
which closely resembled those of rutin from EschschoUzia which 
is shown for comparison in Fig. 2. The color of the anhydrous 
compound was primrose-yellow; and the streak, pale -green 
yellow. The substance was almost insoluble in cold water, and 



Fig 1 Eldnn, crystallized from hot 'water by dissolving 0 17 gm in 30 
cc. of 'water ( X 80). 

sparingly soluble in hot water, but easily soluble in alcohol and 
pyridine. Its aqueous solution gave a dark green color with 
ferric chloride, and yielded an orange-yellow precipitate with lead 
acetate. Alkalies intensified the orange-yellow color of an aque- 

to small bulk and then treated with 3 volumes of ether whereby the impure 
pigment separated gradually By repeated crystallization from hot water 
1.63 gm of air-dried eldnn were obtained in a pure state, and a further 
quantity of 0.16 gm. of slightly impure pigment was obtained from the 
mother liquors. The air-dried flowers therefore contain about 0 77 per 
cent of eldnn. 
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ous solution. A sample of the compound dried over sulfuric acid 
sintered at 170°, and melted indefinitely between 180 and 200°. 
The results of combustion of two samples of the material are given 
below. The first sample (a) was dried in a vacuum desiccator 
over phosphorus pentoxide for about 3 months, the second sample 
(b) was dried to constant weight by heating at 155°. 

(a) 0 1393 gm • 0 0637 gm H 2 O and 0 2702 gm CO 2 

(b) 01139 “ : 0 0510 “ “ “ 0 2219 “ “ 

Found. C 52 90, 53 13, II 5 12 , 5 02 

Rulin, C 27 H 30 O 16 , requires C 53 10 , H 4 95 




Fig 2 Esch^choltzia rutin, crystallized from hot water bv dissolving 
0 17 gm in 30 cc of water (X 80). 

The empirical composition of the substance therefore agrees with 
that of rutin. 

Hydrolysis of Eldrin. 

Formation and Identificahon of Quercetin, 

A portion of the compound was boiled an hour with approxi- 
mately 5 per cent sulfuric acid. After hydrolysis, the mixture 
was set aside overnight. The precipitate which formed was 
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collected and washed with cold water. It was then repeatedly 
extracted with small quantities of boiling water, and finally 
purified by crystallization from dilute alcohol* It formed a 
glistening mass of yellow needles which were practically insoluble 
in water, but readily soluble in alcohol. They dissolved in alka- 
line solutions with a deep yellow color. With alcoholic ferric 
chloride the compound gave a dark green color. Analysis of the 
substance, dried in a vacuum at 120°, showed that it agreed in 
composition with quercetin. 

0 1127 gm 0 0349 gm H 2 () and 0 2453 gm CO 2 

Found C 7)9 36, H 3 47 

(Juercelin, CigHioO?, lecjuiics C 59 59, H 3 34 

The identity of this comfiound with quercetin was confirmed 
by the formation of an acetyl derivative, which was prepared by 
boiling the substance for an hour with an excess of acetic anhydride 
and anhydrous sodium acetate. The reaction mixture was sub- 
sequently poured into water and set aside overnight. The 
acetyl derivative was recrystallized from 95 per cent alcohol 
The crystals formed a felty mass of coloiless needles. These 
were insoluble in water and sparingly soluble in cold alcohol. 
They melted at 194-196°. When mixed with penta-acetylquer- 
cetin derived from quercitrin, there was no depression in the melt- 
ing point. An analysis of the acetyl derivative, dried at 155°, 
showed it to be identical in composition with penta-acelvl- 
quercetin. 

0 1283 gm 0 0470 gm H 2 O and 0 2759 gm COo 

Found C 58 64, H 4 10 

Acetylquercetin, requires C 58 57, H 3 93. 

From the penta-acetylquercetin, quercetin was quantitatively 
regenerated in duplicate samples by dissolving the anhydrous 
acetyl derivative in glacial acetic acid with the addition of a 
few drops of sulfuric acid and boiling a short time. After the 
addition of water the mixtures were set aside 24 hours and filtered 
through Gooch crucibles. The residues were washed with water, 
and dried at 130°. 

0 1942 gm. : 0 1137 gm quercetin 

0 3452 ‘‘ : 0 2025 

Found C 16 H 10 O 7 58 55, 58 66 

Acetylquercetin, Ci 6 H 607 (C 2 H 80 ) 6 , requires* C 16 H 10 O 7 58 98. 
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Formation and Identification of the Sugars, 

In order to identify the sugars formed by the hydrolysis of eld- 
rin, the acid filtrate remaining after the removal of quercetin from 
the hydrolysis mixture was boiled with barium carbonate and the 
barium sulfate formed was removed by filtration. The filtrate 
was then concentrated on the steam bath and heated with sodium 
acetate and phenylhydrazine until a separation of osazones 
occurred. The osazones were separated by means of their differ- 
ential solutility in acetone, and purified by crystallization from 
alcohol with the addition of aqueous pyridine. By this method, 
glucosazone, melting at 205-206®, and rhamnosazone, melting at 
180-181®, were obtained. They yielded the characteristically 
different crystals which have already been described in connec- 
tion with work on rutin from Eschscholtzia} 

An attempt was made to determine quantitatively the querce- 
tin yielded by the decomposition of pure anhydrous eldrin on the 
assumption that the eldrin molecule contains 1 molecule of 
glucose and 1 of rhamnose. The hydrolysis was accomplished 
by boiling a sample of eldrin | hour under a reflux condenser with 
approximately 5 per cent sulfuric acid. The solution was left 
overnight. The precipitated quercetin was collected in a weighed 
Gooch crucible, washed, and dried at 130®. The yields are given 
below. 

0.4065 gm : 0 2069 gm quercetin. 

0.4957 : 0 2514 

Found C, 5 Hio 07 50 89, 50 71. 

Rutin, C 27 HS 0 O 16 , requires* CuHioO? 49.50. 

It will be seen from these data that eldrin yields an average of 
50.78 per cent of quercetin after hydrolysis, whereas the theoreti- 
cal yield should be only 49.50 per cent. A similar discrepancy 
has been observed by other investigators between the theoretical 
proportions of the decomposition products of simple gluco- 
rhamnosides of flavonols and anthocyanidins and the quantities 
actually found. For example, according to a recalculation by 
Willstatter and Zollinger* of data obtained by Schmidt and his 

* Sando, C. E., and Bartlett, H. H., Rutin, the flavone pigment of 
Eschscholtzia calif otnica Cham., J. Biol. Chem.j 1920, xli, 495. 

^ Willst^itter, R., and Zollinger, E. H , tTber die Farbstoffe der Kirsche 
und der Schlehe, Ann. Chem.^ 1916, ccccxii, 164. 



742 


Rutin from the Flowers of Elder 


students the quantities of rhamnose recovered by hydrolysis of 
rutin are too low. Furthermore, Willstatter tod Zollinger in a 
determination of cyanidin chloride (anthocyanidin chloride), 
formed by hydrolysis from keracyanin (gluco-rhamnoside), ob- 
tained an average yield of 57.3 per cent instead of 54.0 per cent 
which theory requires. 

Three possible explanations suggest themselves to account for 
these discrepancies: (1) that the glucoside is incompletely hydro- 
lyzed by the method employed and the recovered pigment is thus 
contaminated by the unaltered parent substance; (2) that the 
glucoside before hydrolysis contains a trace of free pigment; and 
(3) that the glucoside contains as impurity a small quantity of a 
second compound, which is probably a monoglucoside and difficult 
to remove. These three possibilities were examined with reference 
to eldrin. In order to test the first possibility, determinations 
were made by boiling one sample (a) for 1 hour with 5 per cent 
sulfuric acid and by boiling another sample (b) the same length of 
time with 10 per cent hydrochloric acid. The results, which are 
given below, indicate that complete hydrolysis of eldrin occurs 
when it is boiled about 1 hour with 5 per cent sulfuric acid. 

(a) 0 9841 gm : 0 4994 gm quercetin 

(b) 0 6008 : 0 3042 . 

Found C 16 H 10 O 7 50 74, 50 63 

With respect to the second possibility, it should be mentioned 
that free quercetin is more soluble in ether than its glucosides, 
consequently traces of this compound would be removed by long 
extraction with ether. A sample of eldrin was therefore extracted 
with ether in a Soxhlct apparatus for 10 hours. The compound 
was dried in a vacuum desiccator at 145° and hydrolyzed with 
the following results. 

0 4040 gm : 0 2055 gm quercetin 
0.4512 ‘‘ : 0 2293 ‘‘ 

Found CibHioOt 50 86, 50 82. 

It is evident from these results that the high quercetin yields 
obtained when eldrin is hydrolyzed cannot be traced to the pres- 
ence of free quercetin. 
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Testing of the third possibility was accomplished by fractional 
extraction of a new sample of eldrin with water, the quantity of 
each portion being so regulated that it dissolved approximately 
one-fourth of the total sample of pigment. After each solution 
had been boiled, filtered, and cooled, the deposits were* collected. 
The fractions of material so obtained were air-dried. The water 
of crystallization was determined in each case. Anhydrous sam- 
ples, dried at 150® in a vacuum, were then hydrolyzed to deter- 
mine quercetin yields. These'are given in Table I. 


TABLE I. 


Fraction 

Water of crystalluation 

Quercetin. 

1 

2 

Average 

1 

2 

Average 

a 

10 18 

10 47 

10 38 

50 82 

51 05 

50 94 

b 

9 75 

10 13 

9 94 

51 07 

50 83 

50 95 

C 

9 38 

9 85 

9 63 

50 68 

50 86 

50 77 

d 

9 08 

9 28 

9 18 

49 49 

50 01 

49 75 


From these results it seems evident that eldrin was mixed with 
a small quantity of another compound which is very difficult to 
eliminate. Fraction d appeared to be the purest, although even 
in this case the figures indicate the presence of some impurity. 
Pure hydrated rutin, C27H3oOi6'3H20, requires 8.13 per cent of 
water and pure anhydrous rutin, C 27 H 30 O 16 , requires 49.50 per 
cent of quercetin. 

Spectral Transmitiancy of Eldrin, 

In order to compare the spectral transmittancy of eldrin with 
that of authentic rutin from Eschscholtzia, samples of the two 
pigments were separately dissolved in absolute alcohol. The 
solutions were made to the same molecular concentration; that is, 
1.830 eg. per liter, or m/300,000. Although for reasons men- 
tioned above it is extremely difficult to obtain eldrin free from 
"^aces of impurity, it will be seen from Fig. 3^ that there is close 
agreement of eldrin transmittancy with that of rutin. 

• The curves were kindly prepared by the U. S. Bureau of Standards. 
The measurements in both the visible and ultra-violet regions of the 
spectrum were made by Mr. H. J. McNicholas, to whom we wish to express 
our utmost appreciation. 



mfi‘ millimicrons= meter,s x iO '■ 


744 


Eutin from the Flowers of Elder 


/Q)UD^).lweupj2 



300 400 ^bO €00 700 600 900 /fiOO ^00 ^OO ^30t 

FREaUENCY 

t'lbratiop'S ^’Seconds x 10'*^) 



C. E. Sando and J. U. Lloyd 745 

SUMMAEY. 

From the foregoing work it appears that purified eldrin has the 
same empirical composition as rutin; that upon hydrolysis it 
yields quercetin, glucose, and rhamnose; that the quantity of 
quercetin obtained, with a slight difference shown to be caused 
by the presence of an impurity, agrees with the quantity theoreti- 
cally expected from rutin; and that the spectral transmittancy 
of eldrin agrees with that of authentic rutin from Eschscholtzia. 
The conclusion is therefore justified that eldrin, the yellow pig- 
ment from the flowers of Sambucus canadensis L., is rutin. 




STUDIES OF THE CARBON DIOXIDE ABSORPTION CURVE 
OF HUMAN BLOOD. 


IV. THE RELATION OF THE HEMOGLOBIN CONTENT OF BLOOD 
TO THE FORM OF THE CARBON DIOXIDE ABSORPTION CURVE. 

By JOHN P. PETERS, HAROLD A. BULGER, and ANNA J. 

EISENMAN. 

(From the Department of Internal Medicine of Yale University and the 
Medical Service of the New Haven Hospital, New Haven ) 

(Received for publication, November 1, 1923.) 

In 1917 Hasselbalch (1), in an article entitled ^^t)ber die 
‘Acidotischen Konstitution^ des Neugeborenen/^ presented carbon 
dioxide absorption curves from the blood of patients exhibiting 
various degrees of anemia. He showed that the slope of the ab- 
sorption curve varied with the hemoglobin content of blood. The 
same relation was pointed out by Barr and Peters (2), and by 
Warburg (3). The experimental material presented by these 
workers indicated that hemoglobin was the chief, but not the sole, 
determinant of the slope of the absorption curve; but was too 
scanty to permit the quantitative estimation of the relative value 
of this determinant. This paper deals with an attempt to evaluate 
the relation of the hemoglobin content of human blood to the 
slope of the carbon dioxide absorption curve. 

In the second paper of this series (4) there was presented a 
series of twenty-six experiments in which the CO 2 content of blood 
was determined at 20, 40, and 80 mm. of CO 2 tension at 38°C. 
In the first paper (5) is another series of twelve experiments in 
which the CO 2 content of both blood and its “true'' plasma was 
determined at 30 and 60 mm. of CO 2 tension. To the latter series 
have been added ten more similar experiments. The data thus 
obtained offer a means of studying the relation of the hemoglobin 
content of human blood to the slope of the carbon dioxide absorp- 
tion curve. In order to render all the experiments comparable 
CO 2 values at 30 and 60 mm. of CO 2 tension have been calculated 
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for all the three point experiments and from these values the buffer 
value (see Van Slyke (6)) was obtained. 

The method of calculation employed was as follows By means of the 
logarithmic relation described in the preceding paper of this series (7) the 
CO 2 content at 30 mm was calculated from CO 2 contents observed at 20 
and 40 mm and the CO 2 content at 60 mm from the 40 and 80 mm values. 
This probably introduces less error than would the use of an average slope 
obtained from the three points The bicarbonate was then calculated for 
each point to give A [B HCO3] In the estimation of pH a constant pKi of 6 1 
was assumed This is, of course, improper, but substitution of corrected 
pKi values does not alter the results significantly In the two-point ex- 
periments the CO 2 content of the whole blood at 40 mm was also calculated 
by means of the logarithmic relation 


The results are shown in Table I. The experiments are 
arranged in order of ascending oxygen values, which are given in 
Column 1. Column 2 gives the CO 2 content at 40 mm. of CO 2 
tension. As the CO 2 tension is constant this is an indication of 
both bicarbonate content and pH. Column 3 shows the arithmeti- 
cal difference between the CO 2 content at 60 mm. and that at 
30 mm., which we shall designate A[C02 ]go -sd; Column 5, the ratio 
AiBHCOa' 

ApH 

A[BnC^3i 
ApH 

AlBHCOa 


and 


and the remaining two columns give A[C 02 ]bo- 3 a 
of the ^^true^’ plasma In Chart 1, I and II show 


the relation of oxygen capacity to 


ApH 


and to A[C 02 ] 6 o— 3 o> 


respectively. The degree of scattering is not appreciably greater 
in one than in the other, but is considerable in both.^ Further- 


^ The points obtjuiied from two experiments, which show extreme devia- 
tions, have been enclost'd in parentheses. It is possible that the deviation 
of these points is the result of experimental error In one of them poor 
analytical checks were obtained on one sample Triplicate determinations 
were made The second and third analyses agreed and gave the high value 
recorded The first gave a much lower value If the latter were used 
the point would fall m the same line as the others The other value en- 
closed in parentheses was obtained in the course of a complicated experi- 
ment aimed at the simultaneous solution of another problem It is possi- 
ble that samples may have been mixed as the results were in other respects 
out of keeping with those obtained in similar experiments The values have 
been retained because there was nothing but internal evidence to warrant 
their exclusion and the total number of observations is not sufficient to 
permit us to say that such variations are, in themselves, impossible. 
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TABLE I 


Oxygen 

capacity 

CO 2 content 
at 40 mm 

A[C02]60-ao 

blood 

AlCO2]fl0-40 

plaama 

AIBHCO 3 ] 

ApH 

blood 

AlBHCOil 

ApH 

plaama. 

(1) 

(2) 

‘ (3) 

(4) 

(6) 

(6) 

voh per cent 

vole per cent 

volii per cent 

vole per cent 



2 65 

41 75 

6 67 


-18 2 


4 23 

52 00 

7 71 


-22 2 


4 65 

33 50 

7.67 


‘ -25 1 


. 8 36 

37 95 

9 17 


-32 1 


8 58 

37 05 

8 66 


-29 1 


9 73 

30 65 

9 64 


-40 9 


10 13 

41 80 

10 47 


-40 0 


10 40 

46 25 

10 52 


-38 5 


10 70 

33 50 

9 67 


-38 6 


10 83 

48 45 

10.69 


-39 4 


11 57 

47 40 

11 70 


-46 2 


12 38 

27 54 

10 15 

10 80 

-49 8 

-52 8 

12 60 

45 10 

11 10 


-43 7 


15 08 

36 35 

10 41 


-43 0 


15 60 

38 00 

10 55 


-44 1 


16 00 

53 4b 

• 12 55 


-49 6 


16 10 

39 70 

10 47 

12 12 

-41 2 

-51 2 

16 20 

28 87 

10 80 

11 60 

-55 6 

-56 7 

16 49 

46 73 

11 24 

13 66 

-43 7 

-57 1 

17 05 

46 77 

13 14 

14 35 

— 56 8 

-59 8 

17 10 

36 00 

11 17 


-49 2 


17 4<S 

52 20 

12 80 

13 55 

-52 0 

-52 9 

17 76 

47 IS 

12 45 

13 90 

-52 4 

1 -57 4 

17 86 

47 93 

12 10 

13 58 

-49 0 

-.54 8 

18 31 

45 92 

11 75 

11 15 

-47 9 

-41 0 

18 40 

42 70 

12 80 


-56 9 


IS 45 

47 65 

12 01 


-49 3 


18 50 

40 51 

12 80 


-62 0 


18 58 

45 61 

12 55 

14 00 

-53 8 

-58 8 

18 66 

45 00 

13 20 


-58 9 

-48 4 

18 69 

41 39 

13 65 

12 17 

-67 1 


18 83 

44 40 

12 18 


-52 1 


18 90 

52 28 

14 27 

15 60 

-62 8 

-65 4 

19 10 

39 20 

12 84 


-61 8 


19 20 

49 00 

10 53* 


-38 5* 


19 33 

45 20 

13 25 


-60 2 


19 90 

39 55 

12 82 


-61 3 


19 93 

41 15 

13 46 


— 65 5 


20 00 

45 00 

12 40 

14 35 

-53 2 

-61 3 

20 28 

45 22 

16 24* 

18 31* 

-89 2* 

-95 8* 


♦See fo(3t-note 1 
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TABLE I-^oncluded.* 


Oxygen 

capacity 

CO 2 content 
at 40 mm 

AlCO2l«0-l0 

blood 

AIC02]no-ao 

plasma 

AIBHOp.l 

ApH 

blood 

AlBHCOi] 

ApH 

plasma 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

voh per cent 

vole percent 

voh per cent 

voh per cent 



20 98 

33 35 

13 01 


-73 1 


21 30 

43 12 

13 65 

15 33 

-65 2 

-70 6 

21 30 

53 00 

14 15 

15 70 

-61 8 

-64 5 

21 31 

44 48 

13 57 

15 32 

-62 8 

-69 1 * 

21 33 

46 40 

14 44 


-69 6 


21 40 

39 70 

13 40 


-66 6 


21 60 

39 10 

12 46 


-58 5 


21 75 

56 76 

13 45 

14 25 

-54 6 

-54 2 

22 40 

44 38 

13 57 

16 30 

-63 8 

-78 8 

23 60 

53 96 

14 38 

17 26 

-62 4 

-75 7 

28 70 

38 18 

15 42 

17 63 

-95 2 

-97 4 


more, there is no systematic difference between the results ob- 
tained from the two series of experiments. There is a definite 
tendency for the slopes of the curves to increase as the oxygen 
capacity increases. The lines AB (Chart 1, I and II) represent 


Chart 1 I The relation of oxygen capacity to 


AIBHCOJ 


between 


30 and 60 mm of CO 2 tension in both senes of experiments (see Table V). 

II The relation of oxygen capacity to A [C02]6o-3o in both series of ex- 
periments (see Table V) 

The two charts are drawn on different scales to render them comparable 
{For explanation of values in parentheses see foot-note 1 ) The lines AB 

, A [BHCO3] 

indicate the average variations of — — and A [CO 2 J 60-80 with 

ApH 

changes of oxygen capacity and are defined by the equations: 

— == 25 0 (oxygen capacity) + 10 5 

ApH 

and 

A[C02]6o-3o = 0 334 (O2 capacity) + 6.3 
The lines OC represent the calculated buffer values of the cells alone and 
are defined by the equations 

— " = 27,7 (oxygen capacity) 

ApH 

and 

A [C02]6o--3o = 0 470 (oxygen capacity) 
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the best straight lines that can be constructed through the points 
on the two charts. The equations of these lines are: 


and 


a[BHCO,] 

ApH 


= 25 0^ + 10 5 


AfCOa] 60 — 30 — 0 334/1 “1“ 6 3 


( 1 ) 

( 2 ) 


where h = oxygen capacity, expressed in volumes per cent. 
Although the points are not evenly distributed along the course 
of the curves, there is nothing in their scattering to indicate that 
the curves are other than straight lines. 

Van Slyke (6) proposed the ratio 7^ as the best expression for 

the buflFer value of a solution. With Hastings, Heidelbergcr, and 
Neill (8), he further showed that, in a solution of sodium hemo- 
globinate exposed to different CO2 tensions, the value of the buffers 
other than bicarbonate (in this case the hemoglobinate alone) 


could be expressed by the ratio 


This ratio apparently 


varied directly with the concentration of hemoglobin in these 
solutions. The molecular buffer value of horse hemoglobin was 
estimated by this method as 2 64. 

In this study. Van Slyke and his co workers were dealing with a 
homogeneous solution under comparatively constant conditions. 
The relation of [BHCO3] to pll, under these conditions, was 
investigated over a considerable range and was found to be 
rectilinear. Van Slyke, Hastings, and Neill (9) then employed 
the same ratio for the calculation of the value of buffers other than 
hemoglobin in horse blood, by difference. This involved three 
assumptions: (a) that the relation of A[BHC03] to A pH for whole 
blood was rectilinear; (6) that the buffer value of a mixed solution 
was a simple additive function of the values of the individual 
buffers in that solution; and (c) that the introduction into the 
system of a second phase and a membrane did not in itself affect the 
buffer value of any one of the constituents on either side of the 
membrane. Van Slyke, Hastings, and Neill presented the work 
only as a tentative approximation of the values of the buffers of 
whole blood. The subsequent studies of Van Slyke, Wu, and 
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If this is the case it can be shown that 


McLean (10) have shown that the primary assumptions on which 
the approximations were based were not exact. Van Slyke, Wu, 
and McLean (10) have shown that the [BHCO3], pH curve does 
show a slight but definite curvature convex to the pH axis, thus 
explaining and supporting the superiority of our logarithmic 
relation as a means of defining the carbon dioxide absorption 
curve. Under these circumstances the buffer value, measured 
by Van Slyke’s method, varies in the same blood with the carbon 
dioxide tension and the bicarbonte content. Furthermore, these 
variations become greater as the slope increases. This may 
explain the fact that at higher oxygen capacities the degree of 
scattering in Chart 1 increases. That the relation of A[BHC 03 ] 
to ApH is not rectilinear in whole blood follows inevitably from the 
conclusions of the preceding paper of this series (7). The absorp- 
tion curve of whole blood is more nearly defined by the equation 

A log [CO 2 I X X 

A 1 r nrT"! == ^ constant. 

A log [PCO 2 J 

the absorption curve drawn as ^ = [BHCOs], x = pH is a curve 
convex to the abscissa and that the degree of curvature increases 
as the slope of the curve becomes greater. 

Although the ratio constant in a given blood 

under different conditions, nevertheless, under the restricted 
conditions of the experiments of Van Slyke, Hastings, and Neill, 
and those here presented the buffer value of a series of bloods 
measured by this ratio may be comparable and may prove to be 
additive. In this case the line AB in Chart 1, I, must represent 
the variations in the buffer value of blood due to changes in cell 
volume, and the point where AB intersects the y axis, y = 10 5, 
should represent the buffer value of “separated^' plasma. The 
latter value, according to the data obtained from a few experi- 
ments, is of the right order of magnitude. If the buffer values in 
blood are additive when the blood contains 50 per cent cells the 
average plasma buffer value should be 0 5 X 10.5 or 5.25. Accord- 
ing to data obtained in this laboratory the average ratio, {oxygen 
capacity), (cell volume) ^ in human blood is 0.464. Therefore, at an 
oxygen capacity of 23.2 volumes per cent the blood should contain 
equal amounts of cells and plasma. At 23.2 volumes per cent 
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O 2 the line AB lies at — = 69.5. The buffer value of 

the cells, therefore, should be 69.5—5.25 = 64.25. The line OC, 
drawn through this point from the origin and defined by the 
equation, 

(3) 

ApH 

should represent the buffer value of the cells. As both slope and 
oxygen capacity are calculated directly from gas volume, the 
ratios are equivalent to molecular ratios and one can say that the 
average molecular buffer value of the blood cells in these experi- 
ments is 2.77. This value is quite comparable to the value 2.64 
obtained from pure horse hemoglobin by Van Slyke, Hastings, 
Heidelberger, and Neill (8). If the other cell buffers are of little 
importance the observed difference is quite possible. 

Although from a study of average values and the character 
of the line AB the findings in both experiments are reasonably in 
keeping with the hypothesis of additive buffer values, a study of 
the individual experiments is not so satisfactory. In several 
instances the total buffer value of blood is less than the average 
buffer value of the cells alone. Of course, it may be that the 
non-hemoglobin cell buffer values in these experiments are lower. 
In that case the buffer value of hemoglobin, which has been 
•employed as a measure of cell volume ,2 must be correspondingly 
reduced. The value for the buffer value of human hemoglobin is 
hardly likely to prove considerably lower than that of horse 
hemoglobin. However, unless it were considerably lower and 
unless the non-hernoglobin intracellular buffers were insignificant 
the extracellular buffers in some of our experiments would have 
to be smaller than any available experimental data would lead us 
to believe. Experimental errors may be responsible for the 
variability of the observed values and especially for the low 
values above mentioned. Aside from the fact that the control 
work previously cited (No. I of this series (5) ) gives no evidence 
of errors sufficiently large to explain the variations shown in these 


* If the chart is drawn with x = cell volume there is no significant change 
in the distribution of the points or the character of the curves. 
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experiments,* there is collateral evidence that experimental errors 
alone are not responsible. 

Van Slyke, Hastings, and Neill (9) determined the buffer value 
of horse blood and compared it with that of pure horse hemo- 
globin. The difference they ascribed to the other buffers of the 
blood. From two experiments on separated horse plasma we 
have obtained buffer values of 11.33 and 13.64, with an average 
of 12.49. The ratio {oxygen capacity) : (cell volume) in these 
experiments was 0.48. These values are substantially similar to 
those calculated from the work of other observers. From these 
values and the molecular buffer value of horse hemoglobin, 
2.64, Chart 2 has been constructed. In this chart OC represents 
the buffer value of horse hemoglobin and AB the buffer value of 
horse hemoglobin plus that of horse plasma. If it be assumed 
that hemoglobin is the only important buffer in the cells, AB may 
be considered as representing the buffer value of whole horse blood 
with varying cell volume and is comparable to the line AB in 
Chart 1, I. The dots represent the buffer values of horse blood 
observed by Van Slyke, Hastings, and Neill. It is at once 
apparent that the values of the buffers of blood other than hemo- 
globin are altogether too small. The mixing together of cells and 
plasma appears to have reduced the buffer value of either cells or 
plasma or both. Van Slyke, Wu, and McLean (10) found that 
the introduction into the system of a second phase and a cell 
membrane lowered the buffer value of the cell contents estimated 


as 


A[BHC03 
ApH 


They pointed out that the explanation of this 


effect lay in the fact that the ApH employed as the denominator 
of the ratio was that of the serum and not that of the cell con- 
tents, which was smaller; z.e., ApH^ < ApH^,. In this connection 
our own findings are only confirmatory of theirs. The absolute 
values of the cell buffers cannot be correctly estimated from the 

values of however, the apparent diminution of 


• If the CO 2 determinations were assumed to be in error by twice the mean 
error, or 2 X 0 2 vols per cent and these errors were additive, the change of 


the ratio — 


ApHCOa] 

ApH 


would be about 1.0. The deviations here observed 


are, however, of an entirely different order of magnitude. 
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the effect of cell buffers that results from the interposition of the 
cell membrane were a direct function of the cell volume or hemo- 


globin alone, 


AlBHCOs] 

ApH, 


should 


still bear a defiiffte relation to 


oxygen capacity or cell volume, even if this relation were not 



Oxygen capacity, vols. pep cent 


Chart 2 Abscissa = oxygen capacity in vols per cent, ordinate — 
AfBHCOa] 

ApH 

. == observations of Van Slyke, Hastings, and Neill on horse blood 
Line OC == buffer value of horse hemoglobin according to Van Slyke, 
Hastings, Heildelberger, and Neill 

Line AB = calculated buffer value of horse hemoblogin -f horse plasma 


linear. The extreme scattering in Chart 1, however, suggc^sts that 
other factors of considerable importance enter into the deter- 
mination of the slope. 

It seemed possible that this scattering might prove less if comparisons 
were made at constant pH rather than at constant CO2 tension. Calcula- 












Peters, Bulger, and Eisenman 


757 


tions made to test this point proved that isohydnonic comparison did not 
dimmish scattering 

To study the effect of altering cell volume on the buffer value 
and the CO 2 absorption curve more exactly the following experi- 
ments were performed. 

Experiment 1 — 75 cc of blood fiom the arm of patient No 6657, prevented 
from coagulating by the addition of 0 2 gin of potassium oxalate, were 
saturated with 40 mm of CO 2 in air at 38°C Two 8 cc portions of the blood 
were saturated again at 30 and 60 mm The remainder was centrifuged in 
large tubes without contact with air Two 8 cc portions of plasma were 

TABLE II 


Experiment 1. 


No 

Sample 

0 . 

capac- 

ity 

COi content at 

1 

8 

< 

Cell volume 
at 30 mm 

sL 

H a. 

C5 <3 
<1 

30 mm 

60 mm 



voU 

vols 

vols 

vols 

' vols 




per cent 

per cent 

per cent 

per cent 

per cent 


1 

“Separated” plasma 

0 

48 08 

54 30 

6 22 

0 

-15 2 

2 

“Diluted” blood. 

8 74 

41 89 

50 77 

8 88 

18 45 

-28 5 

3 

Whole blood 

18 50 

34 56 

47 60 

, 13 04 

39 40 

-49 3 

4 

“Concentrated” blood 

26 35 

31 50 

43 32 

11 82 

56 45 

-56 0 


removed and saturated at 30 and 60 mm Unequal mixtures of plasma and 
cells were then produced without loss of CO 2 so as to imitate an anemia and 
polycythemia Samples of each of these mixtures were then saturated at 
30 and 60 mm 

Analyses of the various samples give results shown in Table II. 


From the results of the experiment it is at once apparent that 

the slopes of the curves, however estimated, increase in the first 

three specimens while the levels of the curves steadily diminish. 

The ^'concentrated’^ blood proved difficult to handle because of 

its viscosity and because the cells showed a tendency to clump 

so that it was impossible to obtain a good mixture. The results 

from this -specimen should therefore be discarded. Although the 

A[BHC03] . . . . . 1 K- .L 1 .• 

increase with the hemoglobin the relation 


buffer values 


ApH 


of buffer value to hemoglobin is not linear even in the first three 
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samples.^ If the values are plotted as they are in Chart 3,. I, o, 
AiBHCOs] 

as a; = — — — , y = {oxygen capacity) and a line be drawn 

connecting the “separated” plasma and whole blood points it will 
give at {oxygen capacity) = 8.74 a value of 31.1, instead of the 
A[BHCO,] 

observed 28.5 for — — . „ • 

ApH 



Chart 3. Results of Experiments 1 and 2 Abscissa = oxygen capacity 

A[BHCO>] 

in vols. per cent; ordinate in No. I = — — — ; ordinate in No. II « 


A [C02]eo-io. 

X — « Experiment 1. 
0 — b *» Experiment 2. 


* In calculating the slopes of the different specimens a constant pKi of 
6.1 was assumed for all points. This is, of course, improper, but substi- 
tution of corrected pKi values does not alter the results. 
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The experiment, of course, demanded so much manipulation 
that there was a possibility that considerable errors might enter 
if the greatest care was not exercised. The data can be submitted 
to a certain amount of analysis. If, as we believe, the transfers of 
cells and plasma were effected without loss of CO 2 , at 40 mm. the 
concentration of CO 2 in the plasma and in the cells of all specimens 
should be the same. If all the curves are plotted according to the 
straight line logarithmic relation, the CO 2 content at 40 mm. may 
be calculated. Within the narrow limits of 30 and 60 mm. of 
CO 2 the result should not be far from the actual 40 mm. value. 
The values obtained by this method for the CO 2 content at 
40 mm. are: plasma, 50.8 volumes per cent; low cells, 45.5 volumes 
per cent; whole blood, 39.5 volumes per cent; and high cells, 36.0 
volumes per cent. As the differences between the various speci- 
mens are due to the changes in cell volume they should be propor- 
tional to the hemoglobin content, or 

(50 6 - 45 4) (50 6 - 39 5) (50 6 - 35 9) 

8.74 “ 18.5 26 35 


should be true. 


(50 6 - 45 4) (50 6 - 39 5) ^ , (50 8 - 35 9) 

= 0.598, = 0 600, and = 0.556 


8 74 


18 5 


26 35 


It is evident that the agreement is satisfactory as far as the 
“diluted blood and the whole blood are concerned, but that the 
results on “concentrated^^ blood cannot be accepted. 

If the results on the first three specimens, “separated^' plasma, 
“diluted'^ blood, and whole blood, are to be accepted it is again 
evident that buffer values cannot be considered as additive in 
whole blood. In this case, a change in cell volume alone gives a 
curve which is convex to the abscissa when x = O 2 — capacity 
AfBHCOs] 

“‘‘S'- ApH " 

Experiment 2 — About 75 cc. of blood, from the arm vein of patient No. 
22684, prevented from coagulation by the addition of potassium oxalate, 
were saturated with 30 mm of COj in air at 38°C. On a sample of this blood 
the following determinations were made: CO 2 content, oxygen capacity, 
and hematocrit value. Another portion was at once centrifuged. A sam- 
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pie of the plasma was removed and analyzed for CO 2 . Another sample of 
the plasma was saturated with 60 mm of CO 2 in air at 38°C. and analyzed 
for CO 2 to give the absorption curve of the “separated^' plasma. A third 
portion of the plasma was mixed with an equal amount of the whole blood 
which had been saturated at 30 mm and the mixture was saturated with 
60 mm. of CO 2 in air at 38°C. (This we shall call ^^diluted^^ blood.) A 
sample of this blood was analyzed for CO 2 content, oxygen capacity, and 
hematocrit value. The remainder was centrifuged and its plasma analyzed 
for CO 2 A portion of the original blood was saturated at 60 mm and a 
sample analyzed for CO 2 , oxygen capacity, and hematocrit value. Plasma 
was also obtained from this blood and analyzed for CO 2 . In this way ab- 
sorption curves between 30 and 60 mm of CO 2 tension were obtained for. 
“separated” plasma, “diluted” blood and its “true” plasma, and whole 


TABLE in 
Experiment 2 


tsaniple 

CO 2 content 
at 

5 ! 

c~r: 

to 

0 > capat ity 
at 

Cell volume 
(hematocrit) 
at 

0 

0 

a 


30 mni 

60 

mm 

30 mm 

60 

mm 

30 

mm 

60 

mm 

Ph 

PQ 

<1 

<1 


v-h 

voh 

voh 

voh 

voh 

voh 

vols 




per cent 

per 1 
cent 

per 

cent 

per cent 

per 

cent 

per 

cent 

per 

cent 



“Separated” plasma 

56 65 

63 40 

6 75 





-17 4 

“Diluted” blood 

(52 55) 

62 05 

9 50 

(8 19) 

S 19 

16 00 

16 65 

-29 6 

Whole blood 

48 60 

61 15 

12 55 

15 98 

15 98 

31 70 

33 50 

-47 1 

“True” plasma of “di- 










luted” blood 

(56 65) 

65 20 

S 55 





-25 4 

“True” plasma of 










whole blood 

(56 65) 

68 55 

11 90 





-43 4 


blood and its “true” ])lasma, with coriesiionduig oxygen capacities and 
hematocrit values The reader will note that the “diluted” blood at 30 
mm was not analyzed for (30^ It was assumed that all transfers were 
made without loss of CO 2 and that adequate admixture of cells and plasma 
was maintained throughout the experiment If these assumptions were 
correct the CO 2 content of the diluted blood at 30 mm could be calculated 
from the values obtained from the CO 2 content, oxygen capacity, and hema- 
tocrit values of whole blood at 30 mm , the CO 2 content of the plasma at 
30 mm , and the oxygen capacity of the diluted blood at 60 mm The econ- 
omy of time and material effected by the elimination of one blood analysis 
and one plasma analysis must be apparent at once when the complicated 
nature of the experimental procedure and the number of manipulations 
entailed are taken into consideration One means of checking the accuracy 
of the technique was employed. A hematocrit determination was made 
on the “diluted” blood at 30 mm The results of the experiment are given 
in Table III, calculated values being enclosed in parentheses. 
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As far as Experiment 2 is comparable with Experiment 1 the 
results are identical. Again, as the oxygen capacity of the blood 
increases the slope increases while the level of the curve falls. 

A[BHC 03 ] 

However, the change in slope, measured by the ratio, — — ’ 

is not proportional to the change in oxygen capacity. The degree 

of deviation from the direct relation is shown in Chart 3, I, 6, 

and is about the same as that found in F]xperiment 1. The line 

connecting the ^^separated^' plasma and whole blood points at an 

oxygen capacity of 8.19 volumes per cent gives a value of 32.62 

^ A[BHCO,l . , , , , 

for — — — , instead of the observed 29.60. 

A pH 

If, in these experiments, the simple arithmetical difference 
between the CO 2 contents at 30 and 60 mm., A[C02]6o-3o, is used 
as a measure of the slope and is plotted directly against the oxygen 
capacity, as has been done in Chart 3, II, a and b, the three points 
obtained from each experiment lie in a straight line. So exact 
is this relation that the line connecting the ^^separated^^ plasma 
and whole blood points is only 0.6 volume per cent above the 
observed value obtained from the ^^diluted^^ blood in the first 


experiment and only 0.2 volume per cent away in the second 
experiment. The explanation of this agreement lies in the fact 
that all the specimens in each experiment agree at one point as 
regards the concentration of CO 2 in cells and in the plasma. The 
divergences in height and slope are entirely due to the presence 
of varying amounts of cells and the redistribution of electrolytes 
that results from this variation. We are dealing with conditions 
in which, as far as slope is concerned, only one variable changes. 
These are the conditions under which one would be most likely 
to obtain a linear relation between the slope and that variable 
which is, in this case cell volume, or its direct function, hemo- 
globin. So close an agreement as this is hardly likely to be merely 
fortuitous and may be considered as contributory evidence that 
experimental errors have been avoided.^ 


• It seems quite proper, to point out that such results are in themselves 
a certain guarantee of technical accuracy. Where conclusions are so largely 
dependent on the accuracy of analytical data every point that bears on this 
aspect of the work is worthy of emphasis Even with the most perfect 
technique and far simpler procedures than those involved in these experi- 
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Although in these experiments the relation of A[CO?]6o-3o to 
the oxygen capacity is linear, this does not hold except in a general 
way for the series of experiments on different bloods studied 
between 30 and 60 mm. because other variables enter into these 
experiments to obscure the relation. Chart 1 shows that the 

scattering is about the same when either — ~^pjj A[C02]6o-3o 

is plotted against oxygen capacity. 

Barr, Himwich, and Green, and Barr and Himwich (11) state 
that, as the CO 2 absorption curve falls {i.e, as the available base 
diminishes), the slope of the curve decreases. In their experi- 
ments the diminution of available base was effected in the body by 
means of exercise. There was undoubtedly some alteration in 
oxygen capacity associated with the change of bicarbonate. 
Although the authors recognized that such a change of oxygen 
capacity occurred, they failed to determine the extent of the 
change. It was probably not considerable and can be neglected 
without introducing a significant error. In comparing the slopes 
of their absorption curves they did not use the Van Slyke ratio, 
A[BHC03] 


nor any other standard which permitted accurate 
We have calculated the CO 2 content at 30, 60, and 


ApH 

comparison. 

40 mm. for all suitable curves in Barr and Himwieh’s series by the 
use of our straight line logarithmic equation (7). (See Table IV.) 
Although, at first glance the results do suggest that there is a 
direct relationship between the height and the slope of the absorp- 
tion curve, on careful analysis the association seems to be merely 
accidental. In the table the values obtained from each subject 
are arranged in order of descending magnitude of available base. 
In every case there is a sharp drop in the value of the slope, 

whether measured as A 1 CO 2 J 60-30 or 


ApH 


with the first 


ments, however, 100 per cent success cannot be expected A third experi- 
ment, the second in chronological order, was a complete failure It is 
omitted not because it proved incompatible with the other experiments; 
but because it gave indubitable evidences of technical errors in the treat- 
ment of one sample of “diluted” blood. It would add nothing to include 
it in the paper. It is fair to state that no relation could be found in this 

A[BHCO,I 

experiment between either or A[C 02 ]»o~ 8 o and the oxygen 


capacity. 


ApH 
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diminution of [CO2]. Beyond this, with further reduction of 
[CO2], the slope remains constant or varies without relation to the 


TABLE IV. 


Subject 

Date 

Experiment 

COi content 
of blood at 
40 mm. 

! 

6 

0 

< 

6 

Q W 

W ft 

pq < 

< 





• 


vole 

per cent 

vole 

per cent 


D. P. B. 

Oct. 17 

Venous blood before exercise. 

46 6 

15 0 

-74 2 


Dec 13 

u 

tt 

after 

tt 

37 3 

11 9 

-55 0 


June 20 

it 

it 

tt 

it 

34 6 

13 2 

-73 2 


Dec 23 

li 

tt 

tt 

tt 

32 0 

11 1 

-53 8 


Mar 31 

n 

tt 

tt 

tt 

30 4 

11 6 

-62 2 


Apr 17 

Arterial 

tt 

tt 

it 

29 5 

10 9 

-55 4 


“ 10 

Venous 

if 

tt 

it 

27 6 

11 0 

-59 6 

H. E. H. 

« 14 

Arterial 

if 

before 

it 

50 1 

14 3 

-64 6 


Mar 22 

<< 

tt 

tt 

tt 

48 7 

12 8 

-53.5 


Apr. 21 

it 

tt 

after 

ft 

45 2 

10 4 

-52 9 


14 

u 

ft 

before 

tt 

41 0 

10 6 

-57 9 


Mar 29 

n 

tt 

after 

tt 

40 9 

12 0 

-52 4 


Apr 21 

(( 

ft 

it 

tt 

36 9 

12 6 

-62 4 


“ 5 

(< 

tt 

tt 

tt 

32 4 

11 2 

-54 2 

N. P. L 

Nov 18 

Venous 

tt 

before 

tt 

47 6 

16 1 

-83 8 


Apr. 24 

n 

tt 

after 

tt 

36 7 

13 5 

-72 8 


Nov 18 

u 

t( 

tt 

tt 

34 6 

12 7 

-67 0 


Apr. 24 

Arterial 

tt 

tt 

ft 

33 0 

13 2 

-77 0 

J. McL. 

Nov. 30 

(( 

tt 

before 

tt 

48 4 

12 0 

-48 3 


30 

it 

tt 

after 

ft 

32 5 

7 5 

-24 9 

K. G. H. 


Venous 

tt 

before 

ft 

48 5 

14 9 

-70 8 



ft 

tt 

after 

tt 

30 6 

11 8 

-64 6 

M. L. 

Apr. 7 

Arterial 

tt 

before 

tt 

46 2 

14 9 

-73.6 


‘‘ 19 

Venous 

tt 

after 

tt 

33 7 

11 6 

-56 5 


u 7 

Arterial 

tt 

it 

it 

31 6 

11 0 

-53 2 


19 

ft 

tt 

tt 

« 

30 3 

11 6 

-62 2 

H. B. R. 

« 12 

u 

tt 

before 

tt 

46 7 

15 2 

-75 5 


27 

Venous 

tt 

after 

ft 

42 6 

12 4 

-54 8 


12 

it 

tt 

tt 

ft 

40 1 

12 3 

-56 0 


27 

Arterial 

tt 

it 

tt 

37 9 

12 6 

-61 3 


height of the absorption curve. In every instance the first fall 
in the height of the curve was produced by exercise. Subsequent 
reductions are dependent on the degree of muscular exertion only. 
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Barr and Himwich have shown that exercise produces profound 
alterations in the nature of the blood, of which the lowered 
alkaline reserve is only one indication. Their results can be 
interpreted to prove that some factor evoked by exercise alters 
the slope of the absorption curve. Our own results (see Table I) 
show no evidence of a relation between the height and the slope 
of the absorption curve. 

Thus far no mention has been made of the plasma figures. In 
most cases the slope of the 'True” plasma curve is greater than 
that of the whole blood. This is in keeping with the results of the 
majoriiy of observers. In a few instances this relation is reversed 
and the whole blood curve has the greater slope. In general, the 
slope of the curve of the "true” plasma varies with that of the 
blood from which it was derived; but the relation is not exact. 
The number of experiments available for comparison of the two 
is too small to permit any accurate deductions; but apparently 
the correlation between oxygen capacity and the slope of the 
plasma curve is not so good as that obtained with whole blood. 
In Experiment 2, no linear relation was found between the 


slope of the "true” plasma and the oxygen capacity when either 
A[BHC03] 

A[C 02 ] 6 o- 3 o or — — was employed as a measure of the slope. 


From this experiment alone it is unsafe, however, to draw any 


conclusions. 


The slope of "separated” plasma was determined on three 
different samples of blood under entirely comparable conditions. 
The variations observed were surprisingly large 


a[C 02] 60-30 = 4 10 to 6 


-7.1 to -17 4 


It is possible that this may represent one of the other important 
factors that determine the slope of whole blood. Two of these 
experiments are those described above; in the third the whole 
blood curve alone is available for comparison with the "separated” 
plasma curve. In all, hematocrit determinations were made so 
that it is possible to calculate what proportion of the slope is 
due to plasma alone and what proportion is due to the presence 
of the cells, in the following manner. 
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If mb is the slope of blood and mp the slope of separated” plasma calcu- 

^ A [BHCOa] 

lated either as A [C02]6o-3o or as — — — , then 

A pH 


mb — mp (1 — hk) = me 

where hk represents the cell volume and me the proportion of the slope due 
to the presence of the cells 


The values thus obtained are shown in Table V and are plotted 
against corresponding oxygen capacity values in Chart 4. For 
comparison the uncorrected values are also shown in the chart. 


TABL|1 V 





A[C02]60-80 

AlBHCOa] 

Ex pen- 


Oxygen 







ment 

Nature of specimen 

capac-. 







No 


ity 

5 

o 

oa 

s 



a 





OQ 

« 

'S 

O 






H 





o 



mu' 

vols 

vols 

vols 






per cent 

per 

cent 

per 

cent 

per 

cent 




1 

“Separated” plasma 

0 

6 12 

6 12 

0 

-15 2 

-15 2 

0 


“Diluted” blood I 

8 74 

8 7 

4 0 

3 7 

00 

(M 

1 

-12 4 

-16 1 


Whole blood 

18 45 

12 8 

3 7 

9 1 

-49 3 

-9 2 

-40 1 

2 

“Separated” plasma 

0 

6 75 

0 75 

0 

-17 5 

-17 5 

0 


“Diluted” blood 

8 19 

9 5 

5 7 

3 85 

-30 7 

-14 7 

-16 0 


Whole blood i 

15 98 

12 55 

4 6 

7 95 

-49 6 

-11 9 

-37 7 

3 

“Separated” plasma | 

0 

4 10 

4 10 

0 

-7 1 

-7 1 

0 


Whole blood | 

15 60 

10 6 

3 4 

7 2 

-44 1 

-4 8 

-39 3 


The correction certainly tends to bring the points into closer 
alignment when A[C 02 ]bo- 3 o is used as the criterion of slope, but 

A[BHCO,d , 

has little effect on the scattering of the — ApH ” 

Finally, the cell buffer values shown in Chart 4, II, are quite 
different from those indicated by the line OC in Chart 1, I; while 
the OC lines in Charts 1, II and 4, I, are practically identical. 

The assumption that values of individual buffers occurring in a 
complex system such as blood, when measured by the ratio 

can be considered as simple additive functions then, 

ApH 



A[C 04 «_ 
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appears to be unwarranted. Apparently the ratio cannot even 
be used with any accuracy as a measure of the relative effects of 
cell and plasma buffers in blood when the blood is subjected to 
uniform treatment that tends to limit variations. 

Under the highly restricted conditions of these experiments the 
simple arithmetical difference A[C02]6o-8o is a satisfactory and 
practical measure of buffer. The experimental material available 



Oxygen capacity, vbls. peip cent 


Chart 4 I Shows the relation of A [C02]6o- so to oxygen capacity in three 
experiments in which values for ‘^separated” plasma are also available 
(see Table V) 

X = values obtained directly from blood samples. 

. = the same values corrected for plasma and, therefore, may be taken to 
represent A[C 02 ] 6 o- 3 o for cells alone. 

The solid diagonal line is drawn from the origin to the highest observed 


point. The broken diagonal is the OC line transposed from Chart 1. 

TT r., . , . A[BHCOs] 

11. Shows the relation of to oxygen capacity in the same 


experiments. The two charts are comparable. 
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for the estimation of the relative effects of cells and plasma, 
presented in the last chart, is too scanty to warrant drawing any 
conclusions. The results suggest, however, that the buffer value 
of ‘ 'separated plasma is more variable than it has been generally 
supposed, while the cell buffers are comparatively constant and 
vary almost entirely with the hemoglobin Furthermore, it 
seems possible that the buffer values of individual constituents, 
or at least the two main phases, of the complex system, blood, 
when estimated as A[C02]6o_3o may be considered as simple 
additive functions. 


It may be well to analyze this differential, A [C02]6o-8o, somewhat fur- 
ther There is no reason for believing that there is any especial signifi- 
cance attached to the figures 60-30, it is probable, but not certain, that 
similar relations would obtain among a scries of bloods compared between 
two other tensions, provided that the difference between the two tensions 
were sufficiently small This does not imply that the general differential 
A [CO 2 ] 


A pCOa 


can be substituted for A [CO 2 


The latter is a restricted form 


of the 


A [CO 2 ] 
A PCO 2 


generalization in that the denominator remains constant. 


A [CO 2 ] 

Obviously the buffer value, measured by the ratio would vary with 

A PCO 2 

the alkali reserve From a theoretical point of view, perhaps A [BHCO«] is 
preferable to A [CO 2 ] At constant CO 2 tension, however, the two are 
linear functions of one another Under these circumstances nothing is to 
be gained by using [BllCOa], especially when the values of the solubility 
coefficients in whole blood are so uncertain 
Parsons and Poulton (12) following Barcroft, Bock, Hill, Parsons, Par- 
sons, and Shoji (13) have considered that buffer value should be expressed 
as a change in Ch and have defined it as “the percentage volume of CO 2 
it IS necessary to add to blood within the physiological range, to increase 
the Ch by 1 X 10"® “ 

Under these circumstances they find that increasing the fixed acid of the 
blood diminishes its buffer value In proposing the relation of Ch to [CO 2 ] 
as a criterion of buffer value, Barcroft and his coworkers assumed that Ch 
and [CO 2 ] were linear functions As we have pointed out (7) this assump- 
tion is greatly at variance with the facts 
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The prime object of the work presented in the preceding paper 
was not to test the validity of any hypotheses that dealt with the 
slope of the CO2 absorption curve of blood, but to find a means of 
defining the absorption curve from one observed point. For this 
purpose it was necessary to study the factors that determined the 
slope of the curve. One of the most important of these is the 
hemoglobin concentration. The value of the intrinsic buffers of 
the plasma may be another The work of Barr and Himwich (l)^ 
suggests still other extraneous factors that may be active in the 
body. To date the result of the investigation has not been entirely 
satisfactory from the practical point of view because the nature of 
the determinants other than hemoglobin has not been ascertained. 
Nevertheless, these data permit a closer approximation of the slope 
of the curve than any previously available because they offer a 
correction for the effect of hemoglobin, at least. 

In addition to the theoretical considerations already advanced, 
practical reasons have led us to choose as a measure of buffer 
values the simple arithmetical difference between the values of 
blood CO2 content at 60 and 30 mm. of CO2 tension (which we 


have designated A[C02]6o-3o) rather than the ratio 


a[BHC03] 

ApH 


recommended by Van Slyke (2). In the first place the correlation 


^ See the “Discussion'’ in the preceding paper. 
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of the difference with oxygen capacity in our experiments is quite as 
good as that of the ratio. In the second place the derivation 



Chart 1. 


demands the introduction of no mathematical formulas involving 
solubility coefficients or pKi values. Finally, it is more easily 
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combined with the logarithmic formula suggested in Paper III 
of this series (3). The average relation of A[C02]6o-3o to oxygen 
capacity, according to om experimental data, is defined by the 
equation 

A[C02]6o-8o = 0.334 (oxygen capacity) + 6.3 

By means of Chart 1 or this equation A[C02]6o-3o can be determined 
from the oxygen capacity. If the CO 2 content of the blood at any 
known tension is plotted on logarithmic paper, on which the 
abscissa represents CO 2 tension and the ordinate CO 2 content, a 
line drawn through this point to subtend, between the 30 and 60 
mm. CO 2 tension lines, the volumes per cent of CO 2 corresponding 
to the oxygen capacity (derived by the above equation) will 
represent the absorption curve. The average deviation of 
A[C02]6 o-3o from the mean in these experiments is 0.5 volume per 
cent. If it is more convenient, cell volume can be substituted for 
oxygen capacity by means of the equation 

(Oxygen capacity) =* 0.464 (cell volume) 

where both oxygen capacity and cell volume are expressed in terms 
of volumes per cent. 
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STUDIES OF THE CARBON DIOXIDE ABSORPTION CURVE 
OF HUMAN BLOOD. 


VI. THE RELATIONSHIP OF THE CO2 OF BLOOD TO THAT 
OF PLASMA. 


By JOHN P PETERS, HAROLD A BULGER, and ANNA J 
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{From the Department of Internal Medicine of Yale University and the 
Medical Service of the New Haven Hospital, New Haven ) 
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In the first paper of this series (1) was proposed a set of empirical 
corrections for the value of the constant pKi of the Henderson- 

[BHCO3] 

Hasselbalch equation (pH = pKi + log r£7 7.7:'i when the latter 

Lrl2^ UaJ 

was employed for the calculation of the pH of whole blood. 

Since then considerable additional experiments have been per- 
formed which offer suitable material for further evaluation of these 
corrections. In the light of these observations and in view of the 
fact that Parsons and Poult on (2), Van Slyke, Wu, and McLean 
(3), and Cullen and Robinson (4) have subsequently discussed the 
subject it seems well to reconsider our original conclusions. 


EXPERIMENTAL. 

The oxygen capacity, cell volume, and CO 2 content of whole 
blood and the CO 2 content of the “true^' plasma at 40 mm. of CO 2 
tension have been determined on 87 specimens of blood. The 
same analyses have been made on 22 specimens of blood at 30 and 
60 mm. of CO 2 tension. It is possible by means of the logarithmic 
relation presented in a previous paper (5) to reduce the latter 
series also to 40 mm.* The results of these experiments are given 

1 In the calculation of the cell volume at 40 mm. it was assumed that 
the exchange of water between cells and plasma was proportionate to the 
change of CO2. This may involve a certain error, but the total change in 
hematocrit values between 30 and 60 is so small that the error is negligible. 
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in Table III. The technique employed has been described in the 
first paper of this series (1). 

DISCUSSION. 

Reduced to its simplest terms the problem resolves itself into an 
attempt to predict the bicarbonate content of ^^true^^ plasma from 
the bicarbonate content of the blood from which it was derived (1). 
The difference between these two is determined chiefly by the con- 
centrations of hemoglobin and of bicarbonate in the blood (1 to 4, 
and 6). Joffe and Poulton (7) were the first to make any extensive 
study of the relation of the CO 2 absorption curve of whole blood to 
that of its plasma. Their studies were confined to a few normal 
bloods in which the only important variable was carbon dioxide 
tension. Campbell, Hunt, and Poulton (8) found that, if the 
carbon dioxide content of plasma within physiological limits of 
CO 2 tension was plotted on rectangular coordinate paper against 
the carbon dioxide content of the corresponding blood, the result 
was a diagonal line The height of this line varied with the oxygen 
capacity. Such a straight line relationship was to be expected in 
view of the fact that Joffe and Poulton had already shown that the 
absorption curve of the ^^true” plasma closely paralleled that of the 
blood. The graphic chart recommended by Campbell, Hunt, and 
Poulton for the prediction of plasma CO 2 content from that of 
blood does not make any allowance for those factors that cause 
variations from the average, and is therefore inaccurate. This 
inaccuracy has been demonstrated by Parsons and Poulton (2). 
Warburg (6) developed the Henderson-Hasselbalch equation, 
adding to it factors that corrected for the effect of hemoglobin and 
bicarbonate concentrations. These corrections involved the 
definition of the relation of hemoglobin concentration to cell 
volume and of the variations in the distribution of bicarbonate 
between cells and plasma. Our own data, which dealt with varia- 
tions in the factors, differed from those of Warburg and it was 
this that led us to discard his correction values and substitute 
others. In one respect we followed his lead in that the correction 
proposed (ApKi). was applied directly to the Henderson-Hassel- 
balch equation, which was altered to the form. 
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„ , [BHCO,] , ,, 

pH - pK. + log + ApKi 

Cullen and Robinson (4) have objected that both Warburg’s 
formula and our empirical correction chart are ultimately depend- 
ent on the validity of Bohr’s values for the solubility of CO 2 
in cells and plasma. This is a proper and serious criticism, 
especially when it is added that these solubility coefficients were 
determined on ox blood and not human blood and that Bohr as- 
sumed a mean value for cell volume in calculating the solubility 
coefficient in the blood cells. 

It is quite possible to obviate Cullen and Robinson’s criticism 
by developing an equation that will not involve CO 2 solubility 
coefficients. 

If we represent the concentration of total CO 2 in blood, plasma, 
and cells by the s37mbols [C 02 ] 5 , [C 02 ]p, and [C 02 ]c, respec- 
tively, and the cell volume by C, total blood volume being 1, then 

[C 02]6 « (1 00 - C) [COsjp -f C [CO,]. (1) 

In order to get an expression for [C02]c in terms of [C02]p, and for C 
in terms of hemoglobin, we may write 

[ca ' ^ ^ 

where d is the coefficient of distribution of [CO 2 ] between cells 
and plasma, and 

q otC ( 3 ) 

C q 

where h = the oxygen capacity of the whole blood and g is a 
factor indicating the relation of oxygen capacity to cell volume. 
Substituting for C and [C02]c in equation (1), their equivalents 
from equations (2) and (3) we get the general equation 

[C 02 ]fc « ^1.00— [C 02 ]p 4- ^ [CO,], or inverting 

[C04. 

1.00- 
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If the determinants of d and q could be established in terms of 
[C 02]6 or a function of [C 02 ] 6 , this equation could be employed 
for the calculation of the carbon dioxide content of the plasma from 
the carbon dioxide content and oxygen capacity of the whole 
blood. Hamburger (5) long since showed that the cell volume 
varied with the hydrogen ion concentration of the blood. The 
observation has been repeatedly confirmed. It is evident that 
in any sample of blood a change in pH is associated with an altera- 
tion of the cell volume Warburg, on the basis of this well 
recognized relation, decided that pH was the chief determinant 
of q and constructed a table of values of q at various levels of pH. 
The data which he used were derived from a limited number of 


experiments on horse blood in which variations of pH were pro- 
duced by changing CO 2 tension Now it is quite possible that a 
close relation between q and pH found under these conditions 
might be useless for the prediction of the value of q from pH in a 

series of samples of blood. The value of the differential, 

does not permit the prediction of the absolute value of q from pH. 

In our own experiments, if q is compared with either pH or 
[C02]p (see Columns 3, 5, and 6, Table III), as has been done in 
Chart 1, there is no evidence of any relation between them. How- 
ever, in all our experiments in which determinations of cell volume 
and carbon dioxide content were made on samples of the same 
blood at different CO 2 tensions, there was a distinct tendency for 
the cell volume to increase with the CO 2 tension or hydrogen ion 
concentration. This is also true in certain experiments in which 
the change in hydrogen ion concentration was effected by adding 
lactic acid to the blood. Our work, therefore, is not at variance with 
that of previous observers. Evidently in a heterogeneous series of 
bloods collected from individuals under varying conditions of 
health and disease the relation of q to pH or CO 2 content, which is 
so definite in an individual specimen of blood, is hopelessly 
obscured by the introduction of other variable factors. 

If one considers the blood from a morphological rather than from 
a chemical standpoint, it is hardly surprising that this should be 
so. The relation of the hemoglobin content and the number of 
red blood cells per unit volume of blood is fairly constant in normal 
individuals under standard conditions; it is highly variable in 




Vs^lues of q 


Chart 1. Abscissa = values of q; ordinate for I = [C02]p, vols. per 
cent, and for II = pH. 
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pathological states, and especially in anemias. It is inconceivable 
that these variations could be so exactly compensated by altera- 
tions in the size of the individual cells that they would not be 
reflected in the value of q. Unfortunately our data do not include 
red blood cell counts and therefore do not permit an evaluation 
of the effect on q of changes in the hemoglobin color index. Haden 
(9) has, however, published a series of figures for cell volume, red 
blood cell count, and hemoglobin values on normal and pathologi- 
cal persons that may be used for a comparison of color index and g. 



Values of (jf 

Chakt 2 Abscissa = values of q, ordinate = ratio (oxygen capacity) : 
(number of cells). 

Such a comparison has been made from his data in Chart 2. 
In this chart the ordinate represents the color index in terms of the 
ratio (O 2 capacity in volumes per cent) : (the number of red cells, 
in 100,000) ; while the abscissa represents g, the ratio (O 2 capacity 
in volumes per cent) : (cell volume in volumes per cent). The 
dots represent observations on normal individuals, the crosses are 
from cases of pernicious anemia, and the circles from various types 
of secondary anemia. It is apparent first of all that there is a 
distinct tendency for the color index and g to change in the same 
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direction. This association holds for all types of pathological 
conditions investigated. At the same time, the pernicious anemia 
points show a systematic tendency to lie at a higher level than the 
others. This means that the individual red blood cells in per- 
nicious anemia have a greater volume as well as a greater diameter 
than those found in normal persons or individuals suffering from 
secondary anemia. 

In these studies Haden made no attempt to control the hydro- 
gen ion concentration. Under these circumstances the fact that 
an undoubted relation between color index and q appears in 
Chart 2, while none can be found in Chart 1, proves that the 
actual value of q is not determined by the pH as much as it is by 
the condition of the individual. In this case q cannot be predicted, 
but must be determined in each blood specimen under standard 
conditions. 

The distribution coefficient d of equations (2) and (4) can be 
determined easily from our data. 

By combination of equations (1) and (2) 


[C02]6-[C02U (1 00 ~c) 
C[CO,l 


(5) 


Column 7, Table HI, gives values of In Chart 3 these have 

a 

been plotted against both pH and [C02]p.“ The results support 

Warburg’s statement that ^ increases with pH. The actual 

values obtained arc not comparable with Warburg’s because the 
latter are expressed in bicarbonate concentration instead of total 

CO 2 . Although - increases with pH and with [C02]p, the relation- 
ship is rough and the degree of scattering exhibited in the chart 
is so considerable as to render the chart more or less useless for 
the estimation of the differences between the concentrations of 
CO 2 in plasma and in whole blood. 


* The reciprocal of d has been used for two reasons First, because it 
varies m the same direction as pH and [C02]p, whereas d bears an inverse 

relation to the pH and the [C02],j. In the second place values of - give 

d 

more even distribution and, therefore, bring out the relation to pH and 
(C 02 ]p more clearly. 
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Although equation (5) which was used for the estimation of d 
is an accurate statement of the distribution of CO 2 between the 
cells and the plasma, it implies nothing with regard to the mecha- 
nism that determines the inequality of this distribution. This 
inequality is, to a certain extent, only apparent. [C 02 ]p and [CO 2 I; 
indicate volumes per cent of CO 2 in the total volumes of plasma 
and cells. The volume of water in the two phases of the system 
is, however, considerably diminished by the presence of other 
solutes and, especially, proteins. Ege (10), by studying the effect 
of glucose on freezing points, determined that the cells contained 
only about 65 per cent and the plasma about 93 per cent by 
volume of water. In other words about 35 per cent of the volume 
of the cells and about 7 per cent of the volume of the plasma were 
occupied by the proteins of the blood. The cells are known to 
contain about 35 per cent of hemoglobin and the plasma about 7 
per cent of protein by weight. As the molecular weights and 
molecular volumes correspond so closely the former can probably 
be used as a measure of the latter without appreciable error for 
the calculation of the aqueous phases of the cells and the plasma. 

g is a measure of the concentration of hemoglobin in the cells 
when the former is expressed m volumes per cent of oxygen 
capacity. To convert this to percentage of hemoglobin by 
weight it IS only necessary to divide by 22 4 and multiply by the 
molecular weight of hemoglobin or 


2j4 X 16 67 =:[nb] 


( 6 ) 


where [Hb] is the concentration of hemoglobin by weight, or, if 
our assumption is correct, m volumes per cent, in the cells. 

Then 

100 - [lib] = [}UO]c (7) 


In the same way 


100 - [P] = [H^Ojp 


where [P] = the concentration of protein in the plasma. 
Then 




[COdp 

flhOl„ 


( 8 ) 
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Chart 4 Abscissa for I = [C02]p, vols per cent, and for II = pH; ordinate 


A [coj 
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and 

<■"> 

where the subscript w represents the aqueous phase. 

By substitution 

J_ [CO,], 100 -[Hb] 

” 100 - [P] ^ [CO,]. 

— has been computed for all the experiments and the results 



Oxygen cs^pacity, vols. pet? cent 


Chart 5. From experiments m which [CO 2 IP lay between 45 and 50 
vols per cent. Abscissa = oxygen capacity, vols. per cent; ordinate =» 
A[CO,]p.i. 


are shown in Column 8, Table III, and are plotted against pH and 
[C02]p in Chart 4. There is no significant diminution of the 
scattering that was found in Chart 3. The causes of this scatter- 
ing must therefore be sought in some other direction. 

The impossibility of defining q and d in terms of carbon dioxide 
or hydrogen ion concentration offsets all the theoretical advantages 
of Warburg's method of correcting pH. From a practical point 
of view the method is quite complicated. If the aim is to predict 
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the CO 2 content of the plasma, and any method is bound to be 
empirical, the method which is most direct is to be preferred. 
Two of the most important factors that determine the difference in 
CO 2 content between blood and plasma are hemoglobin or cell 
content and the pH or bicarbonate content. 
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Chart 6. Abscissa = [COilt, vols. per cent, ordinate = 

oxygen capacity 

In Column 10, Table III, may be found the simple observed 
difference between plasma and blood carbon dioxide, which has 
been called A[C02]p-6. In Chart 5 values of A[C02]p-6 from blood 
samples in which [C02]6 lay between 45 and 50 volumes per cent 
have been plotted against corresponding oxygen capacities. There 
is evidently a relation between A[C 02 ]p -6 and oxygen capacity. 
As there is nothing in the arrangement of the observed points to 




Peters, Bulger, and Eisenman 


785 


indicate that the relation is other than linear, the best straight 
line has been drawn through these points and the origin. The 
slope of this line is about 0.45. 

Similar lines have been constructed for values of A[C02]p-6 from 
specimens of blood with different values of [C02]6. The results 
are given in Table I. As [C02]6 increases the ratio A[C02]p_&: h, 
the oxygen capacity, also increases. In Chart 6 the values of this 
ratio are plotted against [C02]6. As [C02]b increases the ratio 


TABLE I 


[COj]^ 

No of observations 

1 

Average [COs]^ 

Average value of 
AlCO^Jp^ 
h 

vols per cent 

Below 20 

1 

voh per cent 

16 3 

0 

20 to 30 

6 

27 6 

0 153 

30 35 1 

6 

31 6 

0 147 

35 40 

11 

37 7 

0 324 

40 '' 45 

22 

43 0 

0 421 

45 “ 50 

41 

47 3 

0 459 

50 55 

19 

52 2 

0 554 

Over 55 

4 

59 0 

0 668 


increases and the observed points fall close to a line defined by the 
equation 

0 0159 [CO,]^ - 0 281 (12) 

h 

or 


But 


a[C02]p-6 = (0 0159 [CO>]i, - 0 281) h 


Therefore 


[C02]p= [C02]6 + A[C0jp-b 


[COaJp = [COalft + (0,0159 [C02]t ~ 0.28l) h 


(13) 


(14) 


Equations (13) or (14) or Chart 7, which is a graphic representation 
of equation (13), can, therefore, be used to estimate the carbon 
dioxide content of plasma from that of whole blood at 40 mm. of 
CO 2 tension. 
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CO2 Absorption Curve. VI 


The terminal qualifying phrase requires some explanation. It 
has been assumed by Warburg (6) that the effect of a change of 
pH on the distribution coefficient was the same whether that 
change was caused by altering CO 2 tension or altering fixed base 
of the blood. As we pointed out before (1) our data do not 

CO2. tolood 





■■■■OSiaUBflBBifBBBBI 
BBBBBBIQlRaiBBilBBieSBBBBBI 

BBBRBBaBBSaiBBBaBBBBBBB! 

BflBKRSI9liaBB9BBBBBI!BSBBI 

BBBiSiieiiaBBaBBBBBaiiBBBBBBBBBBIBB 
BR^BQBaBBBSBBBBBBBBBBI 


2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

Oxygen capa^city, vote, pep cent 

Char 7. 

entirely support this assumption. The matter is not an easy one 
to settle and attempts to measure the relative effects of the two 
factors have not proved entirely satisfactory. Nevertheless, 
they have convinced us that the point must be subjected to careful 
experimental analysis before a conclusion can be reached and 
studies along this line have already been instituted. Meanwhile, 


TABLE II. 


ExpOTi- 
ment No 

CO« 

teoBion. 

02 

capacity. 

ICO* 

[COsIp 

AlCO,Ip-6 

observ^ 

AlCOijp^ 

calculated. 

Difference. 
Column 7 
minus 
Column 6. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 


tnm. Hg 

vola 

per cent 

vote 

per cent 

vole 

per cent 

vole 

per cerU 

vola, 
per cent 

vole, 
per cent 

1 

30 

18 6 

40 80 

48 80 

8 00 

7 66 

~0 34 


60 

18 6 

53 35 

62 80 

9 45 

9 12 

-0 33 

2 

30 

12 4 

23 75 

25 70 

1 95 

2 01 

+0 06 


60 

12 4 

33 90 

36 50 

2 60 

1 78 

-0 82 

3 

30 

16 2 

24 85 

28 45 

3 60 

2 66 

-0 94 


60 

16 2 

35 65 

40 05 

4 40 

3 22 

-1 18 

4 

30 

22 4 

39 23 

47 30 

8 07 

8 50 

-f 0 43 


60 

22 4 

52 80 

63 60 

10 80 

11 09 

4-0 29 

5 

30 

17 9 

43 27 

51 30 

8 03 

8 10 

4-0 07 


60 

17 9 

55 37 

64 88 

9 51 

9 28 

-0 23 

7 

30 

16 1 

35 68 

38 38 

2 70 

5 43 

4-2 73 


60 

16 1 

46 15 

50 50 

4 35 

5 88 

4-1 53 

8 

30 

21 3 

38 01 

46 40 

8 39 

7 69 

-0 70 


60 

21 3 

51 66 

61 73 

10 07 

10 09 

4-0 02 

9 

30 

16 5 

42 38 

47 80 

5 42 

7 30 

-hi 88 


60 

16 5 

53 62 

61 46 

7 84 

8 02 

4-0 18 

10 

30 

18 9 

46 81 

57 79 

10 98 

9 56 

-1 42 


60 

18 9 

61 08 

73 39 

12 31 

11 63 

-0 68 

11 

30 

21 3 

39 69 

48 66 

8 97 

8 27 

-0 70 


60 

21 3 

53 36 

63 98 

10 62 

10 65 

4-0 03 

12a 

30 

17 8 

42 40 

50 20 

7 80 

7 80 

0 00 


60 

17 8 

54 85 

64 10 

9 25 

9 08 

-0 17 

b 

30 

17 1 

43 47 

51 85 

8 38 

7 83 

-0 45 


60 

17 1 

56 61 

66 20 

9 59 

9 17 

-0 42 

13a 

30 

23 6 

48 44 

60 43 

11 99 

12 34 

4-0 35 


60 

23 6 

62 82 

77 69 

14 87 

15 51 

4-0 64 

b 

30 

21 8 

51 55 

65 65 

14 10 

12 56 

-1 54 


60 

21 8 

65 00 

79 90 

14 90 

14 97 

4-0 07 

14 

30 

19 2 

41 79 

52 77 

7 98 

9 09 

4-1 11 

15 

30 

18 7 

36 25 

44 38 

8 13 

5 99 

-2 14 


60 

18 7 

49 90 

56 55 

6 65 

7 71 

4-1 06 

16 

30 

17 5 

47 25 

55 60 

8 35 

8 63 

-fO 28 


60 

17 5 

60 05 

69 15 

9 10 

9 84 

4-0 74 

17 

30 

20 3 

39 15 

48 19 

9 04 

7 73 

-~1 31 


60 

20 3 

55 39 

66 50 

11 11 

10 75 

-0 36 

18 

30 

18 3 

41 40 

46 70 

5 30 

7 71 

4-2 41 


60 

18 3 

53 15 

57 85 

4.70 

8 89 

-h4 19 

19 

30 

28 7 

32 50 

42 22 

9 72 

7 59 

-2 13 


60 

28 7 

47 92 

59 85 

11 93 

9 79 

-2 14 

20 

30 

20 0 

39- 70 

47 85 

8 15 

7 81 

-0 34 


60 

20 0 

52 10 

62 20 

10 10 

9 52 

-0 58 

21 

30 

21 3 

47 60 

57 90 

10.30 

10 94 

4-0 64 


60 

21.3 

61 75 

73 60 

11 85 

13 50 

4-1.65 
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TABLE III 


O 2 capacity. 

Cell volume 



6 

0 

5 

pH plasma 
(pKi = 6 1) 




II 


S 

i 

p. 

ca 

B 

i 

AlCOi]p-6 observed. 
Column 5 — 
Column 4 

ns 

t| 

8 l 

< 

Difference 

CJolumn 11 — 
Column 10. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

voh 

per 

cent 

vols 

per 

tent 



vols 

per 

cent 

vols 

per 

cent 







per 

cent 

vols 

per cent 

vols 

per cent 

vols 

per cent 

12 6 

29 5 

42 

7 

45 

10 

49 

85 

7 

317 

1 

48 1 

1 

10 

8 

84 

4 75 

3 

46 

-1 29 

9 9 

21 4 

46 

3 

29 

30 

30 

75 

7 

091 

1 

28 

0 

89: 

5 

76 

1 45 

1 

87 

-f 0 42 

12 5 

29 6 

42 

2 

44 

70 

48 

75 

7 

307 

1 

39 

1 

04 

8 

04 

4 05 

5 

38 

-f 1 33 

14 3 

31 9 

44 

8 

41 

70 









5 

54 





15 5 

34 2 

45 

3 

36 

19 

40 

77 

7 

224 

1 

49 

1 

04 

5 

03 

4 58 

4 

57 

-0 01 

18 7 

41 5 

45 

1 

42 

06 

47 

78 

7 

298 

1 

41 

1 

01 

7 

69 

5 72 

7 

26 

-f-1 54 


39 2 



39 

90 

46 

12 

7 

281 

1 

53 





0 22 

6 

42 

+0 20 

17 2 

36 5 

47 

0 

46 

10 

53 

76 

7 

352 

1 

64 

1 

15 



7 66 

7 

78 

+0 12 

17 5 

36 6 

47 

8 

47 

00 

56 

40 

7 

374 

1 

83 

1 

27 

6 

73 

9 40 

8 

17 

-1 23 

18 2 

41 1 

44 

2 

49 

45 

58 

60 

7 

391 

1 

6l| 

1 

16 

6 

82 

9 15 

9 

19 

4-0 04 

18 7 

43 0 

45 

8 

49 

07 

60 

18 

7 

404 

1 

82 j 

1 

30 

7 

21 

11 11 

9 

33 

-1 78 

18 5 

38 0 

44 

9 

45 

51 

52 

70 

7 

343 

1 

49 

1 

08 

7 

84 

7 19 

8 

20 

+ 1 01 

20 0 

44 3 

46 

5 

41 

23 

48 

91 

7 

300 

1 

58 

1 

12 

7 

02 

7 68 

7 

50 

-0 18 

18 0 

40 9 

47 

3 

43 

22 

51 

16 

7 

329 

1 

69 

1 

19 

8 

05 

7 94 

7 

33 

-0 61 

18 0 

36 2 

40 

7 

42 

23 

51 

13 

7 

329 

1 

65 

1 

24 

7 

20 

8 90 

7 

04 

-1 86 

16 2 

37 6 

39 

6 

36 

70 

43 

14 

7 

250 

1 

57 

1 

20 

7 

30 

6 44 

4 

91 

-1 53 

17 2 

39 6 

47 

6 

53 

60 ; 

63 

30 

7 

427 

1 

73 

1 

19 

5 

95 

9 70 

9 

82 

4-0 12 

17 1 

41 7 

45 

0 

52 

26| 

63 

30 

7 

427 

1 

87 

1 

33 



11 04 

9 

42 

-1 62 

19 1 

39 9 

48 

2 

45 

90 

54 

56 

7 

359 

1 

66 

1 

15 



8 66 

8 

58 

-0 08 

19 5 

43 7 

40 

9 

38 

42 

45 

09 

7 

271 

1 

55 

1 

08 

6 

89 

6 67 

6 

44 

-0 23 

18 2 

38 3 

45 

5 

45 

99 

52 

13 

7 

338 

1 

42 

1 

01 

7 

38 

6 14 

8 

21 

+ 2 07 

20 6 

44 3 

47 

2 

44 

41 

55 

13 

7 

364 

1 

80 

1 

27 

7 

90 

10 72 

8 

76 

-1 96 

17 8 

35 9 

46 

6 

62 

27 

71 

15 

7 

498 

1 

72 

1 

20 

6 

68 

11 88 

12 

63 

40 75 

22 1 

38 6 

50 

1 

44 

96 

55 

52 

7 

367 

1 

75 

1 

19 

7 

52 

10 56 

9 

59 

-0 97 

16 1 

42 9 

44 

7 

38 

18 

43 

40 

7 

253 

1 

50 

1 

06 

5 

01 

5 22 

5 

25 

H 0 03 

20 0 

41 5 

51 

7 

48 

00 

57 

46 

7 

383 

1 

74 

1 

15 

6 

91 

9 46 

9 

66 

4 0 20 

21 0 

36 7 

49 

0 

46 

40 

55 

40 

7 

366 

1 

61 

1 

10 

6 

93 

9 00 

9 

60 

4-0 60 

20 4 

30 8 

49 

2 

49 

83 

59 

33 

7 

397 

1 

63 

1 

11 

6 

81 

9 50 

10 

41 

4-0 91 

17 6 

43 4 

48 

0 

53 

70 

63 

50 

7 

428 

1 

72 

1 

20 

7 

30 

9 80 

10 

08 

4-0 28 

13 9 

30 8 

45 

2 

47 

20 

52 

50 

7 

341 

1 

49 

1 

07 

7 

90 

5 30 

6 

54 

4-1 24 

20 2 

43 4 

46 

6 

49 

30 

60 

10 

7 

403 

1 

71 

1 

22 

8 

15 

10 80 

10 

15 

-0 65 

7 6 

15 6 

48 

6 

40 

00 

41 

46 

7 

232 

1 

29 

0 

89 

7 

23 

1 46 

2 

70 

4-1 24 

7 2 

15 7 

46 

1 

31 

47 

32 

70 

7 

102 

1 

32 

0 

93 

7 

28 

1 23 

1 

58 

-fO 35 

9 6 

20 5 

46 

7 

45 

57 

49 

22 

7 

311 

1 

56 

1 

11 

7 

76 

3 65 

4 

25 

4-0 60 

7 8 

16 4 

47 

5 

46 

91 

50 

37 

7 

322 

1 

75 

1 

22 

7 

98 

3 46 

3 

63 

4-0 17 

8 0 

16 9 

47 

5 

33 

87 

34 

73 

7 

149 

1 

18 

0 

82 

6 

96 

0 86 

2 

06 

4-1 20 

19 7 

38 3 

51 

5 

31 

47 

34 

22 

7 

142 

1 

27 

0 84 

7 

56 

2 75 

4 

31 

4-1 56 

19 9 

43 3 

46 0 

47 

70 

57 

00 

7 

379 

1 

CO 

1 

12 

5 

76 

9 30 

9 

49 

4-0 29 
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TABLE III— Continued. 


O 2 capacity. 

Cell volume 


0 

0 

pH plasma 
(pKi = 6 1) 

— na 


II 

Plasma proteins 

AICOjJp^ obser\ ed 
Column 5 — 
Column 4 

5 

c 

tp-O 

calculated. 

Difference 

Column 11 — 
Column 10. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

lola 

per 

cent 

vols 

per 

cent 



vols 

jer 

cent 

vols 

per 

cent 






per 

cent 

vols 

per cent 

vols 

per cent 

vols 

per cent 

7 8 

17 6 

. 44 

1 

31 50 

32 10 

1 7 111 

1 

12 

! 0 

1 81 

6 75 

0 60 

1 

71 

+ 1 11 

6 4 

14 7 

43 

6 

30 95 

32 40 

7 116 

1 

43 

1 1 

02 

5 47 

1 45 

1 

36 

-0 09 

18 4 

39 9 

46 

2 

47 83 

56 02 

7 371 

1 

58 

1 

11 

7 00 

8 19 

8 

84 

-f 0 65 

14 9 

28 9 

51 

6 

47 40 

52 25 

7 339 

1 

47 

1 

04 

5 13 

4 85 

7 

05 

+2 20 

22 4 

47 2 

47 

4 

41 75 

.il 10 

7 329 

1 

63 

1 

15 

7 71 

9 35 

8 

58 

-0 77 

21 3 

45 1 

47 

3 

60 80 

76 50 

7 512 

1 

84 

1 

27 

6 01 

15 70 

14 

60 

-1 10 

18 4 

40 1 

45 

9 

46 30 

54 10 

7 355 

1 

57 

1 

10 

6 44 

7 80 

8 

38 

+0 58 

20 1 

46 2 

43 

6 

42 85 

50 62 

7 324 

1 

50 

1 

09 

7 38 

7 77 

8 

06 

+0 29 

22 3 

46 8 

47 

6 

43 95 

52 10 

7 338 

1 

50 

1 

05 

7 67 

8 15 

9 

32 

-fl 17 

11 0 

25 4 

43 

1 

28 14 

29 59 

7 072 

1 

24 

0 

91 

7 88 

1 45 

1 

84 

-f 0 39 

10 9 

23 0 

47 

3 

40 90 

42 05 

7 239 

1 

13 

0 

79 

7 02 

1 15 

1 4 

02 

+2 87 

9 4 

22 5 

41 

6 

30 17 

32 01 

7 no 

1 

34 

1 

01 

7 64 

1 84 

1 

87 

+0 03 

8 1 

16 8 

4S 

Ij 

22 74 

22 86 

6 947 

1 

03 

0 

72 

8 08 

0 12 

0 

10 

-0 02 

18 8 

40 0 

47 

0 

49 10 

57 40 

7 382 

1 

57 

1 

09 

6 96 

8 30 

9 

40 

-fl 10 

20 9 

41 9 

49 

9 

45 40 

53 35 

7 349 

1 

55 

1 

05 

7 48 

7 95 

9 

22 

-fl 27 

19 2 

37 4 

51 

4 

44 25 

52 75 

7 343 

1 

75 

1 

16 

6 49 

8 50 

8 

12 

-0 38 

14 9 

33 3 

44 

8 

44 70 

54 50 

7 358 

2 

17; 

1 

56 

6 94 

9 80 

6 

41 

-3 39 

13 7 

28 4 

48 

1 

52 12 

60 20 

7 404 

1 

90 

1 

31 

6 90 

8 08 

7 

49 

--0 59 

19 3 

41 5 

46 

5 

49 55 

58 60 

7 391 

1 

59 

1 

12 

7 01 

9 05 

9 

78 

-f 0 73 

22 6 

48 0 

47 

0 

51 as 

62 81 

7 423 

1 

61 

1 

12 

6 77 

11 43 

12 

10 

-0 67 

21 6 

43 4 

49 

i 

48 31 

58 02 

7 387 

1 

63 

1 

10 

6 36 

9 71 

10 

51 

-f 0 80 

20 3 

43 2 

46 

9 

54 45 

63 55 

7 428 

1 

79 

1 

25 

7 01 

12 10 

10 82 

-1 28 

23 0 

44 6 

51 

5 

48 23 

57 96 

7 386 

1 

60 

1 

07 

8 06 

9 73 

11 

18 

+ 1 45 

19 8 

43 2 

45 

9 

47 40 

56 15 

7 372 

1 

56 

1 

09 

5 96 

8 75 

9 

37 

-fO 62 

20 6 

46 0 

44 

8. 

49 88. 

59 40 

7 398 

1 

54 

1 

09 

6 06 

9 52 

10 

55 

-f 1 03 

21 3 

49 6 

43 

1 , 

56 00< 

6S 81 

7 465 

1 

60 

1 

17 


12 81 

12 

97 

-fO 16 

21 1 

43 9 

48 

0- 

40 64. 

51 45 

7 332 

1 

92 

1 

34 

7 84 

10 81 

7 

71 

~3 10 

13 7 

28 0 

48 

7 ‘ 

46 58 . 

54 17 

7 356 

1 

99 

1 

33 

4 47 

7 59 

6 

29 

-1 30 

10 8 

23 7 

45 

4. 

52 55 . 

57 20 

7 380 

1 

52 

1 

08 

6 49 

4 65 

6 

00 

-f 1 35 

19 7 

39 4 

50 

1 i 

50 22: 

59 90 

7 402 

1 

70 

1 

16 

8 13 

9 68 

10 

18 

-hO 50 

13 8 

27 8 

49 

8: 

28 82 : 

10 90 

7 093 

1 

32 

1 

14 

5 57 

2 08 

2 

44 

-fO 36 

16 2 

30 9 

49 

Oi 

53 50 < 

32 13 

7 418 

1 

81 

1 

21 

5 24 

8 63 

8 

67 

-f 0 04 

20 5 

44 6 

45 

9^ 

19 34^ 

57 53 

7 383 

1 

47 

1 

05 

7 57 

8 19 

10 

30 

-}-2 11 

20 1 

42 1 

47 

6^ 

19 351 

58 53 

7 391 

1 

59 

1 

10 

6 99 

9 18 

10 

15 

-fO 97 

21 2 

43 6 

48 

6^ 

12 90/ 

50 32 

7 322 

1 

51 

1 

05 

7 87 

7 42 

8 

51 

-fl 09 

17 8 

38 5 

46 

ll 

53 70 ( 

33 80 

7 430 

1 

70 

1 

19 

6 17; 

10 10 

10 20 

-fO 10 

17 9 

38 9 

46 

K 

57 20 44 45 

7 264 

1 

72 

1 

23 

8 05 

7 25 

5 

59 

-1 66 

15 1 

33 7 

44 


15 95 53 51 

7 350 

1 

72 

1 

22 

6 03 

7 56 

6 80 

-0 76 
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TABLE lU^-Concluded, 


ts 

1 

d 








1 

L 


1 . 
o 

Cell volum 

to* 

d 

o 

o 

08 «0 

S n 

3 - 

A 


-i-i 

B 

o, 

1 

^11 

< 

<5-1 

o 8 
<3 

ill 

gsa 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

vols 

vole 








vole 

per cent 

vole 

per cent 

vole 

per cent 

per 

cent 

per 

cent 


per 

cent 

per 

cent 




per 

cent 

23 3 

44 7 

52 0 

16 28 

16 46 

6 779 

1 02 

0 67 

5 69 

0 18 

-0 53 

-0 71 

20 3 

42 1 

48 1 

52 50 

64 70 

7 437 

1 81 

1 25 


12 20 

11 25 

-0 95 

17 3 

40 2 

43 1 

38 80 

44 80 

7 268 

1 50 

1 12 

8 79 

6 00 

5 82 

-0 18 

17 9 

40 5 

44 2 

36 80 

41 50 

7 232 

1 39 

1 01 

7 92 

4 70 

5 44 

+0 74 

16 4 

35 4 

46 3 

45 90 

53 50 

7 350 

1 67 

1 18 


7 60 

7 37 

-0 23 

14 3 

32 3 

44 3 

38 62 

43 45 

7 254 

1 52 

1 10 

6 66 

4 83 

4 77 

-0 06 

11 8 

28 2 

41 9 

48 80 

54 15 

7 355 

1 54 

1 14 


5 35 

5 84 

+0 49 

20 1 

43 3 

46 4 

42 60 

49 85 

7 317 

1 51 

1 08 

8 50 

7 25 

7 99 

+0 74 

2 9 

6 1 

47 8 

50 05 

50 77 

7 326 

1 29 

0 89 

6 78 

0 72 

1 49 

-f 0 77 

19 5 

42 0 

46 3 


30 90 

7 093 







20 4 

45 3 

44 9 


33 80 

7 136 







3 6 

11 0 

32 4 

50 86 

53 30 

7 348 

1 71 

1 39 

7 18 

2 44 

1 90 

-0 54 

3 7 

9 4 

39 5 

51 45 

54 40 

7 357 

2 36 

1 75 

5 73 

2 95 

1 99 

~0 96 

22 5 

48 0 

46 8 

44 55 

57 75 

7 385 

1 91 

1 33 

6 61 

13 20 

8 62 

~4 58 

16 7 

35 5 

46 9 

51 75 

60 30 

7 405 

1 66 

1 17 

7 06 

8 55 

9 06 

+0 51 

16 5 

34 1 

48 6 

46 15| 

51 65 

7 334 

1 46 

1 00! 


5 50 1 

7 48 

+ 1 98 

10 1 

20 4 

49 6 

35 53 

37 35 

7 183 

1 32 

0 89 

7 38 

1 82 

5 80 

+3 98 




53 05 

57 50 

1 383 




4 45 



18 6 

I 41 2 

45 1 

45 59 

54 16 

7 355 

1 62 

1 15 

7 15 

8 57 

8 27 

-0 30 

12 4 

29 9 

41 5 

27 53 

29 70 

7 074 

1 32 

0 99 

7 08 

2 17 

1 95 

-0 22 

16 2 

38 6 

42 0 

29 15 

32 79 

7 122 

1 40 

1 05 

5 30 

3 64 

2 97 

~0 67 

22 4 

47 0 

I 47 7 

44 38 

53 40 

7 349 

1 56 

1 10 

7 92 

9 02 

1 9 52 

+0 50 

17 9 

35 6 

50 3 

47 92 

56 53 

7 375 

1 75 

1 17 

6 91 

8 61 

8 61 

0 00 

16 1 

33 8 

47 6 

39 70 

42 98 

7 249 

1 29 

0 77 

6 19 

3 28 

5 64 

+2 36 

21 3 

46 1 

46 3 

43 19 

52 26 

7 339 

1 60 

1 15 

7 82 

9 07 

8 65 

-0 42 

16 5 

36 7 

45 0 

46 71 

53 04 

7 346 

1 48 

1 07 

7 76 

6 33 

7 62 

-fl 29 

18 9 

43 2 

43 7 

52 25 

63 72 

7 430 

1 72 

1 24 

6 88 

11 47 

10 39 

-1 08 

21 3 

45 7 

46 7 

44 84 

54 48 

7 358 

1 63 

1 36 

7 12 

9 64 

9 07 

-0 56 

17 8 

39 2 

45 4 

47 20 

55 55 

7 367 

1 62 

1 16 

6 42 

8 35 

8 36 

+0 01 

17 1 

37 7 

45 3- 

48 50 

57 36 

7 382 

1 69 

1 69 

7 21 

8 86 

8 38 

-0 48 

23 6 

53 1 

44 5. 

53 95 1 

67 05 

7 453 

1 58 

1 13 

6 50 

13 10 

13 61 

-fO 50 

21 8 

46 5 

46 8, 

56 74' 

71 20 

7 480 

1 77 

1 25 

7 29 

14 46 

13 53 

-0 03 

18 7 

38 1 

49 1- 

41 37- 

49 05 

7 310 

1 70 

1 16 


7 68 

7 06 

-0 62 

17 5 

37 7 

46 3; 

52 16 ( 

60 86 

7 409 

1 61 

1 13 


8 70 

9 59 

4-0 89 

20 3 

43 1 

47 1- 

45 22 i 

55 08 

7 363 

1 71 

1 19 


9 86 

8 89 

-0 97 

18 3 

38 7 

47 4^ 

15 95^ 

51 04 

7 328 

1 35 

0 94 

6 44 

5 09 

8 24 

4-3 15 

28 7 

65 4 

43 

J8 14^ 

18 76 

7 307 

1 50 

1 09 

7 44 

10 62 

9 33 

~1 29 

20 0 

45 0 

44 5-= 

14 421 

S3 33 

7 348 

1 59 

1 13 

6 17 

8 91 

8 50 

~0 41 

21 3 

43 6 

48 9! 

S3 03 ( 

>3 90 

7 431 

1 64 

1 10 

4 82: 

10 87 

11 98 

4-1 11 
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if Warburg is right the present chart may be used for CO 2 tensions 
other than 40 mm. if a proper correction is made for the difference 
in dissolved CO 2 . 

In Columns 10 and 11 of Table III, observed and calculated 
values of A[C02]p-6 are compared. In Table II a similar compari- 
son of values is given for specimens of blood at 30 and 60 mm. of 
CO 2 tension. There is a systematic difference in the error found at 
the two tensions. The error is not, however, significantly increased 
if the chart is used for any tension between 30 and 60, provided 
a proper correction is made for the difference in dissolved CO 2 . 
The CO 2 dissolved in plasma at 40 mm. = 2.85 volumes per cent. 
If then, equation (14) is to be used for tensions other than 40 mm, 
it must be altered to the form 

[C02]p « [COalfc + |(0 0159 [COaJb ~ 0 28l) h + X 2.85^ ~ 2.85| (15) 
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THE SPECIFICITY OF THE INTRACELLULAR HYDRO- 
GENASES IN FROG’S MUSCLE. 

By MARY E COLLETT.* 

{From the Deparhnent of Physiology^ School of Medicine, Tulane University 
of Louisiana, New Orleans, and the University of Lund, Lund, 

Sweden ) 

(Received for publication, November 8, 1923 ) 

Although we have evidence as to many of the intermediate 
products of metabolism, the details of the chemical changes and the 
nature of the enzymes bringing them about remain unsettled. 
A step forward was made in 1917 when Thunberg (1) suggested 
that the oxygen used by the tissues united with the hydrogen and 
not with the carbon of the food molecule, by aid of certain enzymes 
which he named dehydrogenases. This theory was based upon 
Wieland’s observation that glucose could be oxidized by palladium 
in the absence of oxygen, the palladium acting both as catalyzer 
and hydrogen acceptor When freshly ground tissue is allowed 
to act upon methylene blue in a vacuum, it behaves in similar 
fashion, giving up its hydrogen to the dye and so reducing it to 
the colorless leuco base. After n^peated washing the tissue is no 
longer able to decolorize methylene blue without the addition of 
succinic acid or similar substances which alone cannot decolorize 
the dye. These substances (“donators”) are also known to 
increase tissue oxidation, so it seems reasonable to regard them as 
intermediate products in tissue metabolism. Thus the evidence 
points toward a process of dehydrogenation (together with 
the addition and subtraction of water) as essential to tissue 
oxidations. 

A single enzyme might conceivably catalyze the dehydrogena- 
tion process at every stage from glucose to CO 2 ; or there might 
be a specific enzyme for every stage (2). The evidence on this 
question is not yet conclusive. The rate at which unwashed 

* Fellow of the American-Scandinavian Foundation, 1922-1923. 
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Hydrogenases in Frog^s Muscle 


tissue can reduce methylene blue is very unequal in different 
animals and even in different tissues of the same animal. This 
inequality may be due to differences in kind and amount of food 
materials present in the tissues, to different enzymes, or to both. 
The washed muscle of frog or of goldfish can be activated by 
oxybutyric, succinic, or glutaminic acid as donator, so part of the 
oxidation process must be the same in both animals; though not 
all, for fumaric and maleic acids activate only the frog muscle 
(2, 3). This, of course, suggests the presence of specific enzymes 
which are similar in both animals for the early stages of oxidation 
but different for the later stages. 

We know also that the treatment which a tissue undergoes 
alters its activity (2). Washing destroys first the power to oxidize 
formic and butyric acids; then citric, tartaric, and pyroracemic 
acids; then lactic and oxyglutaric acids; and finally succinic, 
glycerophosphoric, and ketoglutaric acids. Exposure to extreme 
cold (— 80°C.) destroys spontaneous oxidation and activation by 
all donators except succinic and oxyglutaric acids. Between 
45 and 55° the tissue progressively loses its power to oxidize 
glutaminic, then succinic, and finally glycerophosphoric acids. 
Is this because there are specific enzymes of unequal resistance, 
or because injury to one general enzyme hampers some processes 
more than others? We cannnot be sure since the process which 
is least affected in every case is the oxidation of succinic or glycero- 
phosphoric acid. 

The only remaining bit of evidence is equally inconclusive. 
If an optimal amount of one donator is present in one tube and 
optimal amounts of two in another, the rate of oxidation should 
be the same or even a trifle slower if there is only one enzyme, but 
if there are two enzymes it should be more rapid in the second 
tube. Rosling^s experiments (4) favored the two enzyme hy- 
pothesis, but Wishart (5) was unable to confirm his results. 
Wishart^s experiments undoubtedly show that, if the donators are 
combined in pairs at concentrations which are optimal for each 
when acting alone, the rate of decolorization is equal to or slightly 
less than the rate for the faster donator acting alone; and this 
does not argue for the presence of more than one enzyme. In 
several cases at suboptimal concentrations, the addition of a sec- 
ond donator speeds up the reaction more than the addition of an 



M. E. Collett 


795 


equivalent amount of the original donator; which certainly st^- 
gests the presence of more than one enz 5 Tne. 

In the following experiments the attempt is made to distinguish 
the different enz 3 anes, if they exist, through their resistance to 
various protoplasmic poisons. 

Method. 

The skeletal muscle of a frog was quickly reduced to a pulp 
by snipping with curved scissors. The pidp was shaken for 15 
minutes at room temperature with twenty times its weight of 
distilled water, filtered, and the process repeated once more. 
It was then weighed out in 0.2 gm. lots ready for use. Thunberg’s 
vacuum tubes were used, having a capacity of 15 cc. with side 
arm and hollow stop-cock like that of a CaCh tube. The material 
in each tube consisted of : 


Amount 


cc 

0 1 

Methylene blue 1:5,000. 

0 2 

Buffer (6 6 per cent K 2 HPO 4 plus 1 6 per cent KH 2 PO 4 ). 

0 1 

Donator (citric acid, 0 2 m, or succinic acid, 0.05 m, 


neutralized with KOH). 

0 0-0 6 

Poison. 

0 6-0 0 

Water. 

0 2 gm. 

Washed muscle pulp. 


making a total of 1 cc. plus the muscle. As soon as the muscle 
had been added the tube was evacuated with an ordinary water 
pump and placed in the water bath at 35°. The time was noted 
at which each solution was completely decolorized. Only winter 
frogs were used, but, of course, not all were in equally good con- 
dition, and small accidental differences in preparation also led to 
some day-to-day variation in the activity of the tissue. This, 
however, is not a serious difficulty, as both donators were tested 
on the same tissue with a given poison and the poisons were 
repeatedly tested on different days. Typical experiments are 
cited in Tables I and II. 
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RESULTS AND DISCUSSION. 

As Table I shows, the oxidation of citric acid in the presence of 
the washed tissue is more readily inhibited by chloral hydrate and 
by phenol than is the oxidation of succinic acid. But with other 
poisons (Table II) such as telurite, selenite, selenate, and arsenate, 
the oxidation of succinic acid is more readily inhibited than that of 

TABLE I 

Effect of Poisons upon Washed Frog's Muscle as Evidenced by the Time 
Required to Decolorize Methylene Blue 


Poison 

4 per cent solution of 
chloral hydrate 

1 per cent solution of phenol 


Citric 

Succinic 

Citric 

Succinic 

Glutaminic> 

cc 






0 0 

35 

40 

63 

60 

75 

0 1 

38 1 

50 

150 



0 2 

45 

52 

173 

72 

90 

0 3 

50 

55 

00 


120 

0 4 

00 

70 

00 

95 

00 

0 5 

00 

100 

00 



0 6 

CO 



120 



T\BLE II 


3ison 

<0 5 per cent telurite 

0 2 per ( ent selenite 

20 per cent 
selenate 

10 per cent 
arsenate 

Citric 

Succinic 

Citric 

Succinic 

Citric 

Succi- 

nic 

Citric 

Succi- 

nic 

cc 









[) 0 

40 

90 

20 

23 

80 

90 

40 

60 

0 1 

50 

00 

24 

70 

80 

140 

39 

65 

[) 2 

50 

00 

40 

1404- 



37 

65 

CO 


00 

44 



2004- 

35 

75 

3 4 

60 


704- 


210 

00 

42 

75 

3 5 







45 

105 

3 6 







45 

140 


citric acid. If the succinic acid reaction were always more 
resistant than the other (as in the experiments on washing) we 
could not be sure whether two enzymes of unequal susceptibility 
were involved, or whether there was a single enzyme catalyzing 
both reactions but more efficient in one reaction than in the other. 
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Here, however, the case is much clearer, for the reaction which is 
more resistant to one set of poisons is more susceptible to the 
other set. 

We might perhaps think of a single enzyme with a special 
^ ^receptor for each reaction, and conceivably these ‘^receptors^’ 
might be unequally affected by the different poisons. But a 
simpler hypothesis, and one equally justified by the evidence, is 
that we have here two specific enzymes, one for the oxidation of 
citric acid and one for the oxidation of succinic acid. What more 
natural than that two specific enzymes should behave differently 
in the presence of poisons? This hypothesis of specific enzymes 
also fits in rather better with the observation that the earlier 
oxidation stages are similar in frog and fish muscle, while the later 
stages are unlike. Succinic acid is indeed oxidized by practically 
all tissues, so it seems reasonable to consider that an enzyme 
catalyzing this reaction is rather widely distributed. Wishart^s 
observation that the donators in suboptimal concentrations work 
faster in pairs than alone also points to the existence of specific 
enzymes. We are therefore obliged to conclude that more than 
one enzyme is concerned in the long process of oxidation, and it is 
only the precise degree of specificity that is open to question. 

SUMMARY. 

Working with the methylene blue method, it is found that 
treatment with phenol or chloral hydrate destroys the power of 
washed frog muscle to oxidize succinic acid. The reverse is the 
ease with certain other poisons such as telurite, selenite, selenate, 
and arsenate. 

I acknowledge gratefully the courtesy and helpfulness of Pro- 
fessor Torsten Thunberg under whose direction this work was done 
at the University of Lund, Lund, Sweden. 

BIBLIOGRAPHY. 

1. Thunberg, T , Skand. Arch Physiol,, 1917, xxxv, 163 

2. Thunberg, T , Skand, Arch Physiol , 1920, xl, 1. 

3. Ahlgren, G., Skand Arch. Physiol , 1921, xli, 1. 

4. Rosling, cited by Ahlgren, G., Compt. rend. Soc. hiol., 1922, Ixxxvii, 1409. 

5. Wishart, G. M., Biochem. J., 1923, xvii, 103. 




THE ACTION OF HYDRAZINE AND SOME OF ITS DERIVA- 

TIVES IN PRODUCING LIVER INJURY AS MEASURED 
BY THE EFFECT ON LEVULOSE TOLERANCE. 

By MEYER BODANSKY. 

{From the Biochemical Laboratory ^ Department of Physiology and Biochemis- 
try^ Cornell University^ Ithaca^ and the Laboratory of Biological 
Chemistry j University of Texas School of Medicine, 

Galveston ) 

(Received for publication, November 5, 1923 ) 

Certain of the physiological properties of hydrazine have been 
studied by Underhill and his collaborators. The previous experi- 
ments of Borissow (1), Pohl (2), and Poduschka (3) had demon- 
strated the relatively great toxicity of this compound. Underhill 
and Kleiner (4) investigated the influence of hydrazine upon 
intermediary metabolism in the dog and found that hydrazine 
poisoning produces, among other symptoms, a condition of 
creatinuria with but slight alterations in the partition of other 
urinaiy constituents. Somew^hat later, Underhill (5) presented 
data to show that doses of 50 mg. of hydrazine sulfate per kilo of 
body weight, when injected into dogs, lead to a distinct lowering 
of the sugar concentration in the blood. It is stated that subcu- 
taneous injection of dextrose into dogs previously treated with non- 
fatal doses of hydrazine may cause the death of these animals. 
Underhill and Fine (6) have reported that glycosuria failed to 
manifest itself after pancreas extirpation in dogs which had 
received previous injections of hydrazine. According to these 
authors, animals treated with hydrazine and then depancreatized 
failed to develop hyperglycemia. 

Later, Underhill and Murlin (7) showed that subcutaneous 
injection of hydrazine in fasting dogs induced an increased rate of 
carbohydrate combustion, this probably explaining the dimin- 
ished blood sugar content as well as the disappearance of glycogen 
from the liver and muscles. More recently, Underhill and Bau- 
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mann (8) pointed out that in hydrazine poisoning the blood fat ia 
markedly increased, the maximum being coirtcident with the 
hypoglycemia characteristic of the intoxication. ^ 

As in the case of phosphorus, hydrazine produces '^fatty degener- 
ation^' of the liver. However, the effect of hydrazine differs from 
that of phosphorus in two particulars, according to Wells (9). 
Hydrazine attacks first the cells in the center of the lobule ; phos- 
phorus shows its first effects upon the peripheral cells. Phos- 
phorus also causes fatty changes in the myocardium, kidneys, 
and other tissues; the effect of hydrazine is practically limited to 
the liver. 

In a recent communication the writer (10) presented data, 
obtained in the case of a dog dying of hydrazine sulfate intoxica- 
tion, in which the blood sugar gradually fell from 0.108 to 0.042 
per cent during a period of 21 hours. The terminal hypoglycemia 
concomitant with death in this animal was similar in degree to that 
observed by the writer in severe phosphorus poisoning and by 
Mann and Magath (11) in dogs after liver extirpation. It was 
the writer's intention to employ hydrazine as a means of producing 
hepatic injury in connection with a study of the effect of experi- 
mental derangements of the liver on carbohydrate tolerance (12). 
Subsequently, the investigation was extended to certain of the 
derivatives of hydrazine. A number of these compounds proved 
to be relatively non-toxic, whereas other derivatives were found to 
be powerful protoplasmic poisons. 

It is to be recalled that Underhill (13) made a brief study of the 
effect of certain hydrazine derivatives on the blood sugar concen- 
tration. Experiments were performed with methylhydrazine, 
phenylhydrazine, methylphenylhydrazine, diphenylhydrazinc, and 
semicarbazide. In the case of methylhydrazine, Underhill states 
that the liver did not present the appearance characteristic of 
hydrazine poisoning. The injection of phenylhydrazine into a 
dog produced no unusual symptoms beyond the appearance of 
methemoglobin. Similarly, methylphenylhydrazine, diphenyl- 
hydrazine, and semicarbazide were found to be relatively non- 
toxic in their effect upon the liver. Underhill's experiments were 
of very short duration, usually not exceeding 2 days. No informa- 
tion is available, therefore, concerning the effect of prolonged or 
chronic poisoning with these compounds. 
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The writer believes that the derivatives of hydrazine may prove 
to be very useful for the experimental production of certain 
pathological conditions. In a number of preliminary experiments 
(unpublished), Hendrix and McAmis have observed a pronounced 
alkalosis in hydrazine poisoning. These workers are investigating 
the acid-base equilibrium of the blood in intoxications associated 
with liver tissue destruction due to hydrazine and other substances. 
The effect of certain hydrazine derivatives in producing anhydre- 
mia and experimental anemia will be reported in a forthcoming 
publication. 

In the present investigation we have compared the effect of 
hydrazine and a number of its derivatives in producing liver in- 
jury. Among the compounds studied are the following: hydrazine 
(as the free base and as the sulfate), phenylhydrazine (as the free 
base and as the hydrochloride), acetylphenylhydrazine, methyl- 
phenylhydrazine, p-hydrazinobcnzoic acid, diphenylhydrazine 
hydrochloride, symmetrical diisopropylhydrazine hydrochloride, 
and 2-2' azobispropane. Experimental evidence has been adduced 
to show that in conditions of liver involvement, as occur in 
chloroform and phosphorus poisoning, the tolerance for levulose 
may serve to indicate the degree of liver injury. In the following 
experiments, liver function was determined by this method, con- 
firmation of liver damage being obtained by postmortem examina- 
tion of the tissues. In the case of a number of animals, the utiliza- 
tion of glucose and galactose was also determined before and after 
poisoning. The procedure followed throughout was the same as 
that previously described (12, 14). 

Hydrazine H2N-NH2, 

In one experiment, a dog weighing 10.4 kilos, received 0.7 cc. of 
a hydrazine solution (hydrazine hydrate — Eastman Kodak Co.), 
containing 0.294 gm. of the free base. 2 days later there was 
definite indication of liver inefficiency, as shown by the data 
obtained in a levulose tolerance test (Table I). A second dose, 
similar in quantity, resulted fatally. Gross autopsy showed 
marked '^fatty degeneration'^ of the liver. Microscopic examina- 
tion of the liver showed extensive fatty degeneration with small 
areas of necrosis. Necrotic changes were likewise observed in the 
kidney cortex. The medullapy portion appeared normal. 
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Very small doses of hydrazine sulfate may fail to cause serious 
impairment of the liver. This was shown in an experiment 
performed on Dog H-14 (Table II). The dog, v^eighing 8.8 kilos, 
received a subcutaneous injection containing 0.1 gm. of hydrazine 
sulfate. Similar doses were administered on the 6th and 9th days 


TABLE I. 

Effect of Hydrazine Poisoning on Levulose Tolerance. 
Dog H-29 Male 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc. 

Initial 

15 min 

45 min 

75 min 

135 min. 


kg 


mg 

mg 

mg 

mg 

mg 

1 

10 4 

31 2 gm. levulose 

87 

90 

96 

108 

94 

o 

Injected 0 294 gm hydrazine subcutaneously. 



4 

10 0 

30 0 gm levulose. 

104 

1 

131 

131 

120 


TABLE II 

Carbohydrate Tolerance before and after Hydrazine Poisoning. 
Dog H-14. Male. 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc 

Initial 

15 min 

45 mm 

76 mm 

135 mm 


kg. 



mg 

mg 

mg 

mg 

mg 

1 

8 8 

26 4 gm 

levulose 

98 

115 

121 

112 

103 

2 

8 8 

26 4 

glucose. 

98 

141 

126 

107 

107 

3 

8 8 

26 4 “ 

galactose 

102 

121 

242 

250 

260 

4 

Injected 100 mg 

hydrazine sulfate subcutaneously. 


6 

a 

100 “ 


u 

a 




9 

u 

100 

n 

u 

It 




10 

8 5 1 

25 5 gm 

levulose 

84 i 

\ 95 1 

1 112 1 

1 117 

98 

11 

Injected 300 mg 

hydrazine 

sulfate 

subcutaneously 


12 

n 

300 

it 

a 

a 




13 

8 0 

24 0 gm. 

levulose 

82 

142 

i 150 

149 

87 

14 

8 0 

24 0 

glucose. 

82 

226 

248 

292 

108 

15 

% 0 

24 0 “ 

galactose. 

103 

169 

310 

340 

196 

17 

7 7 

23 1 

levulose. 

87 

169 

210 

205 

105 


of the experiment. Normal liver function was observed at this 
time. Subsequently, the animal received two injections each con- 
taining 0.3 gm. of hydrazine sulfate. Whereas the smaller amounts 
of hydrazine produced no marked effect on liver function, the ad- 
ministration of the larger doses resulted in a lowered tolerance for 
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fructose as well as for glucose and galactose. The condition of the 
animal became progressively worse, as indicated by the test per- 
formed on the 17th day of the experiment. Autopsy, performed 
on the following day, showed fatty changes in the liver together 
with hemorrhagic areas. Microscopic examination of the liver 
tissue revealed extensive nuclear and protoplasmic degeneration. 


TABLE III 

Carbohydrate Tolerance before and after Hi/diazine Poisoning . 

Dog H-17 Female 







Blood sugar per lOO cc 


Day 

Weight 

Sugar administered 

Initial 

15 min 

45 mm 

75 min 

135 mm 

Remarks 

1 

kg 

7 9 

23 7 

gm 

levulose 

mi 

80 

mi 

102 

mg 

100 

mg 

98 

mg 

95 


2 

7 9 

23 7 

(( 

glucose 

100 

141 

214 

214 

115 


3 

7 9 

23 7 

(( 

galactose 

96 

128 

172 

193 

130 

0 395 gm hydrazine 

4 

7 6 

22 8 

n 

levulose 

111 

122 

159 

189 

180 

sulfate subcu- 

taneously. 

5 

7 5 

22 5 

(t 

glucose 

! 98 

103 ! 

200 

161 

107 


6 

7 5 

22 5 

<< 

galactose 

no 

230 

308 

277 

250 


8 

7 7; 

23 1 

i( 

levulose 

113 

165 

137 

114 

92 


10 

7 4^ 

22 1 

a 

a 

105 

112 

lll| 

111 

111 

0 370 gm hydrazine 

11 

7 0 

21 0 


u 

98 

j 

125 

137 

1 

127 

120 

sulfate subcu- 

taneously 

12 

7 li 

21 3 

<< 


1 105; 

155! 

200 

191 i 

130 


15 

Injected 700 mg hydrazine sulfate subcutaneously 

16 

17 


a 

700 

a 

44 (Non-protcm ni- i 
trogen 102) 

Death occurred. 


Similar results were recorded in the case of Dog H-17 (Table III). 
A single dose of 0.395 gm. of hydrazine sulfate (50 mg. per kilo 
of body weight) caused a very pronounced decrease in liver func- 
tion on the following day. Considerable improvement was noted 
several days later. At this time, a second injection of hydrazine 
sulfate was administered. As a result, the tolerance for levulose 
was again greatly diminished. For the purpose of producing 
extensive liver damage, two doses, each of 700 mg., were injected 
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on the l5th and 16th days. Death occurred on the 17th day of the 
experiment. Prior to death, the blood sugar hhd fallen to 44 mg. 
per 100 cc. The non-protein nitrogen had inci'eased during the 
last day from the normal value of 40 to 102 mg. per 100 cc. of 
blood. This is believed to have been due, at least in part, to the 
excessive anhydremia which developed. 

Microscopic examination showed diffuse fatty degeneration of 
the liver and almost complete disintegration of the hepatic 
cells. Despite the severity of the intoxication, the kidneys ap- 
peared normal. This accords well with the observations of Wells 
(9). It is to be noted, however, that hydrazine when administered 
as the free base appears to be less specific in its physiological action 
than when injected as the sulfate. 

Phenylhydrazine •NH 2 . 

Hoppe-Seyler (15) showed that phenylhydrazine is very toxic, 
being especially destructive of the red corpuscles, due to its 
reducing effect on the hemoglobin. Phenylhydrazine reacts 
readily with aldehydes and ketones and is, therefore, a powerful 
protoplasmic poison. Only two experiments with this compound 
will be described in detail. 

A dog weighing 5.9 kilos received four subcutaneous injections 
of an aqueous solution of phenylhydrazine hydrochloride, totaling 
360 mg. of this compound. As a result, severe involvement of the 
liver was produced, as indicated by the data in Table IV. Very 
rapid destruction of the red corpuscles also occurred. The animal 
was killed on the 20th day of the experiment On gross autopsy, 
the spleen was found to be greatly enlarged. Histological ex- 
amination of the tissues showed marked hyperplasia of the spleen 
together with hematogenous pigmentation. Hematogenous pig- 
mentation and extensive degenerative and necrotic changes were 
observed in the liver. Fatty changes were noted in the cortical 
portion of the kidney. 

Corroborative data were obtained in a second experiment. 
Deficient liver function was manifest after the administration of 
a single dose of phenylhydrazine hydrochloride (150 mg.). Within 
12 days, the red count had decreased from 5,640,000 per c. mm. 
to 910,000 (Table V). On autopsy, the spleen was found to be 
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about three times the normal size. Hyperplasia of the bone mar- 
row was likewise noted. Slight fatty changes were observed in the 
liver. Microscopic examination revealed pigmentation, some 

TABLE IV. 


Carbohydrate Tolerance before and after Phenylhydrazine Poisoning. 
Dog H-12. Female. 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc 

Initial 

15 mm 

j 45 mm 

75 min 

135 min 


ho 


W7 

mj 

mj 

mi 

mg. 

1 

5 9 

17 7 gm levulose 

106 

134 

126 

116 

97 

2 

5 9 

17 7 dextrose. 

81 

212 

274 

140 

71 

3 

5 9 

17 7 “ galactose. 

102 

210 

330 

220 

110 


Injected 80 rag phenylhydrazine h^’drochloride subcutane- 


ously. 

6 Injected 80 mg phenylhydrazine hydrochloride subcutane- 

ously 

7 Injected 100 mg phenylhydrazine hydrochloride subcutane- 

ously 

8 Injected 100 rag phenylhydrazine hydrochloride subcutane- 

ously 


10 

0 0 16 5 gm 

levulose 

115 

156 

144 

122 

121 

11 

5 6 16 8 

dextrose 

112 

250 

256 

318 

216 

12 

5 7 17 1 

galactose 

95 

190 

320 

291 

160 


Injected 100 mg phenylhydrazine 
ously 

hydrochloride subcutane- 

15 

6 0 18 0 gm 

levulose 

102 

183 

167 

143 

107 

20 

57 17 1 “ 


90 

160 

190 

174 

100 


TABT>E V 

Lcvulose Tolcramc before and after Phenylhydrazine Poisoning 
Dog H-26 F emale 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc 

Initial 

15 mm 

45 min 

75 min 

135 mm 


hg 


mi 

mi. 

mg. 

mg 

mg 

1 

5 9 

17 7 gm levulose 

81 

97 

114 

99 

95 

2 

Injected 150 mg phenylhydrazine hydrochloride. 



5 

5 9 1 

17 7 gm levulose. i 

106 

128 

130 

115 

120 

12 

5 7 

17 1 

97 

141 

152 

197 

121 


fatty change and extensive regressive changes in the liver, hyper- 
plasia of the spleen, and limited fatty degeneration in the kidneys. 
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Similar effects were produced on the administration of the free 
base. As in the preceding experiments, the onset of the anemia 
occurred rapidly. Hepatic inefficiency, due to d^truction of liver 
tissue, was usually manifest. 

C.Hfi 

M ethylphenylhydrazine 

Unsymmetrical methylphenylhydrazine appears to be less toxic 
than phenylhydrazine, both in its action on the liver and on the 

TABLE VI 


Levulose Tolerance before and after Methylphenylhydrazine Poisoning 
Dog H-35. Female 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc 

Initial 

15 mm 

45 min 

75 min 

135 min 


kj 


m? 

mj 

VV) 

rrn 

mj 

1 

19 1 

57 3 gm levulose. 

106 

118 

126 

123 

119 


Injected 0 2 gm methylphenylhydrazine 




5 

19 0 1 

57 0 gm. levulose | 

1 103 

1 119 

122 

121 

120 


Injected 0 5 gm methylphenylhydrazine 




7 

a 

1 0 

( 





10 

(( 

1 0 ‘‘ 

( 





11 

19 0 1 

57 0 gm levulose | 

110 1 

113 

116 

122 

117 



blood. The administration of four doses of this compound, total- 
ing 2.7 gm., failed to produce any noticeable effect on hepatic 
function in a dog, weighing 19.1 kilos (Table VI). On gross 
autopsy, the liver appeared normal, though somewhat enlarged. 
It appears from this and similar results that substitution of the 
unsymmetrical hydrogen atom in the phenylhydrazine molecule 
by an alkyl group, reduces the toxicity of the resulting compound. 

Diphenylhydrazine N*NH2* 

A male puppy, weighing 4.2 kilos, received a single injection of 
an aqueous solution of diphenylhydrazine hydrochloride, con- 
taining 0.5 gm. of this compound. A similar or even much smaller 
dose of phenylhydrazine hydrochloride would have produced 
marked liver involvement. However, no such effect was ob- 
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served in this experiment (Table VII). On autopsy, the spleen 
appeared to be about normal in size. Congestion of the splenic 
capsule was noted. The liver seemed to be normal. 

Acetylphenylhydrazine CsH^NH • NHCOCHz. 

Acetylphenylhydrazine possesses marked reducing properties, 
though not to the same degree as phenylhydrazine, and resembles 
the latter compound in its destructive action on the blood (16). 


TABLE VII 

Effect of Diphenylhydrazine Poisoning on Levulose Tolerance 

Dog H-40. Male. 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc 

Initial 

15 mm 

45 mm 

75 min 

135 mm 


kg 


mg 

mg 

mg 

mg 

mg. 

1 

4 2 

12 6 gm. levulose 

115 

119 

133 

133 

118 

2 

Injected 0 6 gm diphenylhydrazine hydrochloride 



4 

1 3 9 

11 7 gm levulose 

1 

125 1 

1 1 

116 

102 


TABLE VIII 

Effect of Acetylphenylhydrazine Poisoning on Liver Function, 
Dog H-30 Male 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc 

i 

Initial 

16 mm 

45 mm 

75 mm 

135 mm 


kg 


mi 

mi 

m; 

mg 

mj 

1 

10 5 

31 5 gm levulose 

84 ; 

104 

106 

105 

104 


Injected 0 26 gra. acetylphenylhydrazine subcutaneously 


6 

a 

0 45 

(( 


<< 



9 

9 9 

29 7 gm levulose | 

bO 

106 

1 

1 i 

1 108 


In one experiment, a dog weighing 10 5 kilos, received two in- 
jections of acetylphenylhydrazine (0.71 gm). This produced 
no measurable effect on the liver, normal function being observed 
on the 9th day of the experiment. At this time, the dog was very 
anemic (Table VIII). The experimental results were confirmed 
on autopsy; very little destructive^hange of the hepatic cells being 
noted on microscopic examination of the liver tissue. 
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p-Hydrazinobenzoic Acid C^^(COOH) NH-NH^- 

p-Hydrazinobenzoic acid appears to be much less toxic than the 
hydrazine derivatives previously considered. Two injections of 
tWs compound (0.3 gm. each) had no effect on liver function, as 
indicated by the data recorded in Table IX. Subsequent adminis- 
tration of 2.2 gm. of this compound did not produce serious liver 
damage, as was shown at autopsy. It appears likely that p- 
hydrazinobenzoic acid is easily detoxified in the animal body. 


TABLE IX 

Effect of p-Hydrazinohenzoic And on Lwcr Function 
Dog H-32 Female 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc 

Initial 

15 min 

45 mm 

75 mm 

135 mm 


kg 


rrn 

mg 

mg 

mj 

mg 

1 

9 4 

28 2 gm levulose 

105 

113 

118 

128 

97 

2 

Injected 0 3 gm T^-hydrazinobenzoic acid * 



3 

9 4 

28 2 gm levulose 

104 

114 

1 121 i 

no 

115 

4 

Injected 0 3 gm p-hydrazinobenzoic acid ’ 

¥ 



5 

9 4 

28 2 gm levulose 

109 

130 

133 

133 

105 


* Dibsolved in sodium carbonate 


Symmetrical Diisopropijlhydrazine • NH • Nil • CH • 


This compound, ‘Synthesized by Lochte, Bailey, and Noyes (17), 
was furnished by these authors for the present work. In a 
previous communication, Bodansky and Hartman (18) pointed out 
that this compound is destructive both of liver tissue and red 
corpuscles. Definite disturbance of liver function was observed 
following the administration of 0.258 gm. of this compound to a 
dog weighing 12.9 kilos. The condition became more aggravated 
after subsequent injections of the same substance, as indicated by 
the data presented in Table X. 

Gross autopsy showed enlargement of the spleen, fatty change 
in the liver, and hyperplasia of the bone marrow. Microscopic 
examination revealed hematogenous pigmentation and fatty 
degeneration of the liver. 
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A rabbit, weighing 1.56 kilos, received 39 mg. of symmetrical 
diisopropylhydrazine hydrochloride. On the following day, a 
second dose of 70 mg. was injected. Death occurred 2 days later. 
Histological study of the tissues showed hyperemia of the spleen 
and destructive changes of the parenchyma in the kidney cortex. 
Extensive disintegrative changes of the hepatic cells were likewise 
noted. 


2-2'Azohispropane {CHz)^iCH N . N • CH 

2-2' Azobispropane was prepared by the oxidation of sym- 
metrical diisopropylhydrazine hydrochloride according to the 

TABLE % 

Effect of Symmetru al Diisopropylhydrazine Hydrochloride Poisoning onLiver 

Function. 


Dog II-21 Male 


Day 

Weight 

Sugar administered 

Blood sugar per 100 cc 

Initial 

15 min 

46 min 

75 min 

135 min 


k(j 


m7 

mg 

mg 

mg 

mj 

1 

12 9 

38 7 gm levulose. 

96 

113 

119 

119 

101 


Injected 0 258 gm symmetrical diisopropylhydrazine hydro- 
chloride 


12 9 

38 7 gm levulose 

108 

145 

133 

125 

108 


12 5 

37 5 

111 

170 

136 

127 

120 


12 4 

37 2 “ 

105 

121 

159 

153 

116 


12 2 

36 6 

103 

141 

143 

141 

116 


Injected 0 120 gm symmetrical diisopropylhydrazine hydro- 
chloride 

Injected 0 240 gm symmetrical diisopropylhydrazine hydro- 
chloride 

11 11.5 I 34 5 gm levulosc | 102 | 143 | 157 | 170 | 127 

method of Lochte, Noyes, and Bailey (19). A dog, weighing 6.7 
kilos, received a single subcutaneous injection, containing 2 cc. of 
the azobispropane. Death occurred the same night. Microscopic 
examination of the tissues showed acute diffuse nephritis, almost 
hemorrhagic in nature. Hyperemia and parenchymatous degen- 
eration of the hepatic cells were noted. The cell nuclei took the 
acid instead of the basic stain. 

In a subsequent experiment, a smaller dose was administered 
(0.5 cc.). Liver inefficiency was observed 2 days later. At this 
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time, Cheyne-Stokes respiration was observed. There was also 
an increase in the non-protein nitrogenous constituents of the 
blood. The dog died the same day. Autopsy showed parenchy- 
matous degeneration of the pancreas, fatty degeneration in the 
liver, and acute destructive changes in the cortical portion of the 
kidney. 

The effect of even smaller doses of 2-2' azobispropane was deter- 
mined in another experiment. Following the subcutaneous in- 
jection of 100 mg. of this compound, emulsified in olive oil, marked 
increase both of the hemoglobin concentration and of the red cell 


TABLE XI 

^ Effect of 2-2' Azobispropane on Liver Function 

Dog H-41. Female. 


Day 

Weight 

Sugar administered j 

.. 

Blood sugar per 100 cc 

Initial 

15 mm 

45 min 

75 mm 

135 mm 


kg 


mg 

mg 

mg 

mg 

mg 

1 

6 7 

20 1 gm levulose. 

102 

105 

107 

105 

100 


Injected 100 mg azobispropane in olive oil subcutaneously. 

3 

6 6 

19 8 gm levulose | 

102 

127 

137 

143 1 

127 


count was noted. This was obviously due to anhydremia. 2 
days after the injection, the function of the liver was deranged, as 
shown by the data in Table XI. The dog recovered within the 
next 2 weeks. 

From the results of these and similar experiments, it is to be 
concluded that 2-2' azobispropane is a very toxic protoplasmic 
poison. 


SUMMARY. 

A study has been made of the action of hydrazine and certain 
of its derivatives in producing liver injury. 

The Icvulose tolerance test, previously described, was employed 
in determining the degree of liver involvement. This method has 
been found to be very useful, as shown by the corroborative 
evidence adduced on gross and microscopic postmortem examina- 
tion of the tissues of the experimental animals. 

The results obtained with hydrazine are in close agreement with 
the observations of earlier investigators. In addition to its action 
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on the blood, phenylhydrazine is very destructive of liver tissue. 
Symmetrical diisopropylhydrazine (hydrazo-2-propane) and 2-2' 
azobispropane are powerful poisons and are especially injurious to 
the liver. Certain derivatives of hydrazine, such as methyl- 
phenylhydrazine, diphenylhydrazine, acetylphenylhydrazine, and 
p-hydrazinobenzoic acid, are much less effective in this regard. 

In conclusion, the writer wishes to express his indebtedness to 
Professor J. B. Sumner in whose laboratory this work was com- 
pleted and to Professor H. C. Hartman who made the microscopic 
diagnoses. 
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THE RATES OF REDUCTION AND OXIDATION OF BLOOD. 
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Madison ) 
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The transportation of oxygen from the lungs to the tissues is one 
of the fundamental physiological processes. The factors involved 
in this problem are many; such as the efficiency of pulmonary 
ventilation, disturbances of the circulatory system or the phases 
governed by the demand and supply of the oxygen in the tissues 
and atmospheres, respectively. One aspect of this problem has 
been especially well worked out; namely, the carrying capacity of 
blood for oxygen at various partial pressures of oxygen and the effect 
of acids, bases, and salts thereon For this knowledge we are 
indebted to the highly productive efforts of Barcroft, Bohr, Has- 
sclbalch, and Krogh. This work, although of the greatest value, 
deals with the problem as a static one and the oxygen dissociation 
curve is one of final equilibrium. The dynamic aspect of this 
equilibrium, however, is probably of even greater importance 
and the following discussion and work have been undertaken from 
this standpoint. 

At the alveolar oxygen tension of approximately 100 mm. of 
Hg the factors, such as hydrogen ion concentration and the varia- 
tion of salt content, which deflect the body of the dissociation 
equilibrium curve, are not effective in appreciably altering the 
total oxygen capacity of the blood. It is apparent, however, that 
it is highly important to know whether or not the rate of the oxida- 
tion of the blood as it races through the pulmonary capillaries is 
sufficiently rapid under various conditions of the blood, to saturate 
it completely. The question of the rapidity of reduction in the 
tissue is equally important. 

Previous studies upon the velocities of these reactions were 
made in Barcroft's laboratory during the years 1909 to 1912 
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before the method for determining the hydrogen ion concentra- 
tion was developed by Hasselbalch for accur^e use with whole 
blood. Barcroft and Hill (1) studied the rate ol? reduction of an 
oxyhemoglobin solution by bubbling a stream of nitrogen through 
it and found that the rate of deoxygenation obeyed the mass law. 
Mathison (2) encountered trouble when he attempted to apply 
the same method to whole blood because of the marked tendency 
to froth. He succeeded, however, in devising a method of break- 
ing up the bubbles formed and obtained some interesting data 
by passing nitrogen bubbles through various bloods at a uniform 
rate. He showed that inorganic and organic acids increased the 
rate of dissociation proportional in the main to the estimated 
change in hydrogen ion concentration produced. Oinuma (3) used 
the apparatus of Mathison and showed that the respective rates 
of reduction and oxidation were approximately the same under 
physiological conditions — the presence of 40 mm. of CO 2 pressure 
^-ccelerated the rate of reduction and depressed the rate of oxygena- 
tion. Tt is remarkable that in spite of the lack of any great degree 
of physical constancy, consistent results were obtained from a 
method so empirical. 

In an attempt to ascertain the effect of changes in hydrogen ion 
concentration and especially as to whether or not CO 2 had a specific 
•effect on the rates of oxidation and reduction, the method of bub- 
bling gas mixtures through blood was tried. It was discarded, 
however, because of the lack of physical constancy and because 
the periods of reduction and oxidation extended over too long a 
period, an hour or so, instead of a few minutes. Hemoglobin, 
especially at the higher pH values, changes in respect to oxygena- 
tion and reduction at body temperature over extended periods of 
time. A new method to overcome these difficulties was therefore 
sought for. 

Methods, 

An attempt was first made to measure directly the increase in ' 
volume of nitrogen-carbon dioxide mixtures when exposed to 
oxygenated blood. Conversely, it was expected to measure the 
decrease in volume of an oxygenated CO 2 mixture when exposed 
to reduced blood. The apparatus used is shown in Fig. 1. 2 
cc. of blood, which had first been equilibrated with 100 mm. of 
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Hg oxygen tension and a carbon dioxide tension equal to the 
nitrogen reducing mixture, were run from the side arm A into the 
flask B of 150 cc. capacity which had first been filled with the 
reducing gas mixture. The apparatus had previously been sus- 
pended in a constant temperature water bath regulated to =k 0.01° 
C. using points C and D at the extremities of the horizontal arm as 
bearing supports. A pitman connected to the top arm at point E 
permitted the flask B to be rapidly oscillated at a uniform rate 



Fi(. 1 

and thus spiead the l)lood in continually fresh forming surfaces 
o\er the inside of the flask. The change in position of a droplet 
of inercuiy in the hoiizontal tube CD which was graduated to 
0 01 cc. gave tlu' change in volume of the gas mixture due to the 
oxygen given off or taken on by the blood. By reading the mcr- 
(*ury meniscus ('v(‘ry half minute or by photographing it on 
a moving strip of sensitized paper, a curve was formed showing the 
velocity and extent of the oxidation or reduction reaction. By 
using perfectly clean mercury and a clean but moist tube together 
with the oscillating rotation of the tube, a very accurate record 
of volume changes could be obtained. 
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The method, however, was not applicable to the problem but the 
explanation was not apparent although very obvious, until many 
attempts had been made. The work of Christiansen, Douglas, 
and Haldane (4) in 1914 showed that oxygenated blood absorbs 
less CO 2 at a given tension of that gas than does reduced blood at 
the same CO 2 tension. The application of the Hasselbalch (5) 
formula to this observation 


pH = pKi + log 


NaHCO, 

H2CO3 


would warrant the assumption that there is a pH change toward 
the acid side as reduced blood becomes oxygenated. That this is 
the case was shown to be true by Parsons (6) in 1917 by direct pH 
measurements on blood plasma. He found the difference between 
oxygenated and reduced blood to be about 0 038 of a pH unit which 
at a constant CO 2 tension is equivalent to about 4 volumes per 
cent of combined CO 2 . It was this magnitude of error which was 
apparent in our change of volume determinations for as the blood 
became deoxygenated it would not only give up 18 volumes per 
cent of oxygen but it would also take up approximately 4 volumes 
per cent of CO 2 so the total volume change was only 14 volumes 
per cent. Parsons stated that the pH change upon reduction was 
a constant one regardless of the pH range as determined by vari- 
ous CO 2 tensions. This apparently holds only when the pH is 
changed by CO 2 tensions, but the pH change is of a varying mag- 
nitude when the range is changed by the addition of acids as lac- 
tic or by bases. A paper at a later date will present this point 
more fully. These discrepancies rendered the above discussed 
method impractical. 


Colorimetric Method. 

It seemed possible that the color change accompanying the 
reduction or oxidation of blood might be used as an index deter- 
mining the oxygen content at any one moment. Haldane (7) 
had already determined the total oxygen capacity of various bloods 
by color comparison and found that it checked favorably with the 
ferricyanide method. This led us to compare partially and com- 
pletely reduced blood with fully oxygenated blood in a Bausch and 
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Lomb colorimeter and it was found that the color quality by trans- 
mitted light is the same so that a perfect match can be obtained. 
Reduced blood was found to have about twice the color density of 



fully oxygenated blood. An apparatus was then devised, Figs. 
2 and 3, using a Bausch and Lomb colorimeter wherein one of 
the cups (A) revolved eccentrically around the glass column 
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((?). In this way the blood was stirred and a continually chang- 
ing amount of blood passed under the observing column. In the 
closed portion of the cups over the blood various gas mixtures 
could be passed through the tube (D) which extended down to 
within 3 mm. of the surface of the blood. The cup, the cross- 
section of which is shown in Fig. 2 was 45 mm. in diameter and 
was driven by means of a positive gear drive F (Figs. 2 and 3) at 



Fic 3 


a constant speed of 165 to 170 revolutions a minute. The bear- 
ing upon which the cup revolves must be machined extremely 
accurately and it must run perfectly true as otherwise there will 
be a variation in the depth of the observed blood at each revolu- 
tion of the cup. Although this variation may be extremely small, 
the resulting flickering of the color field makes accurate matching 
impossible. The vertical movement of the revolving cup (A) 
and hence the depth of the observed blood as regulated by the rack 
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and pinion screw (R) Fig. 4 was greatly magnified and recorded 
by means of a lever (L) on a smoked drum (K), This complete 
set-up is shown in Fig. 4. The extent of magnification and the 
method of recording can be seen by the vertical lines representing 
mm. of depth on the k 3 nnograph record, Fig. 5. 

The complete apparatus was set up in a constant temperature 
air bath which was kept at 37.5 zb This arrangement is 

shown in Jig. 6. In determining the rate of reduction of fully 



oxygci Kited blood, two 2 ec samples ot the same blood aie placed, 
one in the stationary cup (B) set at a standard depth of 4 mm. 
and the other in the receptacle (C) closed by the stop-co(*k. Pre- 
viously the revolving cup (^4) which has been set at approximately 
4 mm. has been filled with a nitrogen or nitrogen-carbon dioxide 
mixture saturated with water vapor at 37.5°(\ through the tube 
(D). A small amount of the nitrogen mixture is kept flowing into 
the cup to prevent diffusion of atmospheric oxygen into the cup 
at its junction with the cap. The blood from the cup (C) is 
then run into the revolving cup and the color of the two fields of 
the colorimeter as observed at the eye-piece (E) is matched by 
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varying the height of the cup (A) by means of the rack and pin- 
ion screw (R)y Fig. 4. This depth is recorded on the revolving 
smoked drum. The blood upon becoming deoxygenated becomes 
denser in color and the cup is moved up as the fields are again 
matched. This process is continued until there is no more color 
change and the curve of the rate of reduction is recorded upon the 
drum. Such a curve is shown in Fig. 5. Similarly, fully reduced 
blood m contact with oxygen mixtures can be compared with 
oxygenated blood and a reverse curve obtained. 



Fm. 6 

EXPERIMENTAL. 

Fig. 5 shows a kymograph record of one of the runs. All the 
curves presented were transposed from such original records. 
The steps in the record show the levels after the two fields were 
matched. A comparison was made about each half minute. 
The oscillations before each step represent the attempts to match 
the fields. In transposing the curves, the points that were meas- 
ured from the base line were taken right after the fields were 
matched. The depth of the blood in the standard cup was always 
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set at a 4 mm. depth. This depth with a 1,000 watt light and 
condenser gave a good illumination for comparison of the colors. 



Minutts 

Chart 2 

The same blood was then put into the comparing cup and the depth 
would be recorded on the drum as also 4 mm. However, as 
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80011 w to tevdr&, the eolor tdraisity of the blood 

within taemMed so that no^ 3.4 mm. of Uood matched the 4 mm. 
of the standard. This ratio was proportional to the depth so 
that the revolving depth at any point was about 0.85 that of the 
resting depth. This correction was taken into cOnsideratwn in 
transposing the curves. 

The gases used were obtained from compressed tanks. The 
work was started using hydrogen, but it was foimd that traces of 
carbon monoxide sufficient to vitiate the results were present so 
that nitrogen was used. The nitrogen and 00s each contained 
less than one-half of 1 per cent oxygen. - The gas mixtures were 
made in large carboys and mixed by means of a small rotary pump. 
The analyses were made by means of a small Haldane apparatus. 

The blood used was obtained from the median basilic vein of the 
author. It was oxalated with the minimum amount of potas- 
sium oxalate required to prevent coagulation and immediately 


TABLE I. 


Blood 

CO»-free. 

CO 2 saturated. 


pH 

pH 

12 CC.; 3 cc. NaCl 0,8 per cent .... 

8 23 

6 73 

12 ** 1.5 cc. NaCl and 1.5 cc, lactic acid . . . 

7 41 


12 ** 3 cc 0,1 N lactic acid 

6 90 



chilled in ice water and used within 3 to 4 hours. The blood was 
equilibrated at 37.5®C. with the gas mixtures at the same COj 
tension as was afterwards used for the reduction or oxidation. 
The equilibration was carried on for 20 minutes using five changes 
of gas. 

The curves shown in Chart 1 show the effect of various oxygen 
tensions on the rate of oxygenation in the absence of COs at 37 . 5 '’C. 
As will be shown later the presence of CO 2 tends to retard the oxy- 
genation at the various tensions to approximately the same degree. 

Chart 2 represents the respective rates of reduction and oxida-, 
tion at various pH values. The continuous lines represent bipod 
samples free of CO 2 . In all these studies 12 cc. of blood were 
diluted to 15 cc. by either isotonic sodium chloride, lactic acid, 
sodium bicarbonate, or mixtures of either of the latter with iso- 
tonic sodium chloride solution to obtain the desired pH values. 
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The S-shape of the dotted oxygenation curve is due to the rate 
of oxygenation being depressed at the beginning due to the higli 



Minutes 

Chart 4. 


CO2 tension, but as this is washed out by the pure oxygen the 
velocity of the reaction increases. The dotted reduction curve 
represents the velocity when pure CO2 is used. 
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Chart 3 represents the rate of reduction as influenced by pH 
changes brought about by various CO 2 tensions. The blood was 
first equilibrated with approximately 20 per cent oxygen and the 
same CO 2 tension as in the nitrogen reduction mixtures except 
the blood represented by pH 6.72 which was at first equilibrated 
with 160 mm. (20 per cent) of oxygen and 580 mm. of CO 2 tension. 

Chart 4 shows the rate of oxygenation and reduction when the 
blood remains at a CO 2 percentage of 5.5 per cent. 3 cc. each of 
saline solution, sodium bicarbonate, and lactic acid were added in 
each case as before to 12 cc. of blood which were then equilibrated 
at 37.5°C. with oxygen or nitrogen at a CO^ tension of 5.5 per cent. 
The rate of oxidation here is greatl}" depressed so that it is even 
less rapid than the rate of reduction. The importance of this 
phenomenon will be discussed later. 

DISCUSSION. 

The discussion of the oxygen dissociation equilibrium curve 
has received considerable attention both from the physiologist and 
the clinician. The thoroughness with which it has been studied 
has not been applied to the oxygen dissociation velocities, a phase 
of oxygen transportation which is of high importance. The 
colorimetric method described lends itself well to the study of this 
problem. Although the color spectra of reduced and oxygenated 
blood is different, the color quality as viewed by tiansmitted 
light is the same. As a consequence of the spectral difference, 
variations in the quality of the light effect the depth and quality 
of the two bloods differently. This necessitates a constant light 
for all the determinations. The intensity of the light must be 
great enough to give a penetration of sufficient depth to reduce the 
error of comparison to a minimum. 

The difference in the color depth of blood during rest and rota- 
tion is of interest. It is suggested that this difference is due to 
the orientation of the disk-shaped corpuscles in a plane parallel 
to the plane of rotation and at right angles to the beam of light. 
This orientation during rotation permits less light to pass through 
as compared with their heterogenous position during rest. 
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Oxygen Tension. 

The effect of oxygen tension of inspired or, of stUI greater impor- 
tance, alveolar air on the amount of oxygen bound as oxyhemoglo- 
bin is well understood. With a normal atmosphere containing 
20.9 per cent of oxygen giving an alveolar oxygen content of about 
13 per cent the hemoglobin is approximately 95 per cent saturated. 
A reduction in the oxygen tension of inspired air does not markedly 
affect the oxyhemoglobin dissociation equilibrium curve until 
the oxygen percentage has dropped to about 12, or 8 per cent 
of alveolar oxygen. It is generally accepted that the velocity 
of the reaction of the combination of oxygen with hemoglobin 
in the lungs is sufficiently rapid to warrant its saturation to the 
limit determined by the alveolar tension. Whether or not this is 
true under all conditions is a question, however. Certainly the 
observation with a loss as to an explanation of certain clinical 
anoxemias warrants a consideration of this question. 

The discrepancy between arterial saturation and alveolar oxy- 
gen tension has for a long time puzzled physiologists. The accur- 
ate work of Meakms and Davies (8) shows the arterial oxygen 
saturation to be within the limits of 94 to 96 per cent in healthy 
persons at rest- from 2 to 3 per cent less than the alveolar oxygen 
content. Haldane (9) discusses this problem at length and attrib- 
utes this difference to defective distribution of the air in the lung 
alveoli so that the blood in the pulmonary return to the heart is a 
mixture of blood of varying degrees of saturation. This explana- 
tion is an appealing one under normal conditions when the differ- 
ence is one of a few per cent, but is difficult to conceive when a 
difference of 50 per cent or more exists without any pulmonary or 
circulatory involvement. This condition we observed and is the 
substance of a paper now in preparation showing that in low oxy- 
gen tensions with an alveolar oxygen content of 4 per cent, war- 
ranting a hemoglobin saturation of 50 per cent, the found satura- 
tion of the arterial blood (femoral) was only 16 per cent. This we 
have repeatedly observed in our anoxemic studies. Haldane (9) 
summarizes the work on muscular or exertion anoxemia and also 
reports a difference considerably greater than normal. Here he 
attributes the deficit due to insufficient time for the required 
quantity of oxygen to pass through the alveolar epithelium. In 
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this connection it is also of interest to mention that the arterial 
saturations of the blood can readily be increased to 100 per cent 
by breathing pure or nearly pure oxygen. 

It is very difficult to say at the present time just what the fac- 
tors are in incomplete oxygenation of the blood under these condi-^ 
tions. Surely, however, the maiked effect that variations in 
oxygen tension have upon the rate of oxidation as best seen in 
Chart 1 makes this a factor to be considered. In fact, the static 
consideration of the saturation curve for hemoglobin falls out of 
consideration from a practical standpoint inasmuch as arterial 
blood is never saturated to a degree that alveolar oxygen would 
permit (except perhaps when pure oxygen is inspired). 

The fundamental question, however, concerns the relation of 
the rate of oxidation or reduction of the method described to the 
velocities within the body. In other words, what is the relation 
between the two in surface exposed per unit of time. In the 
method described 2 cc. of blood stirred at the rate of 165 to 170 
revolutions per minute were exposed to a surface of 1,500 sq. mm. 
That this in no way approximates the surface exposed in the lungs 
is shown by the fact that minutes were required for saturation 
rather than a fraction of a second. However, the surface and 
rate of change show that the velocity of the reaction is not such an 
instantaneous one as is often supposed. 

Relation of Reaction to Rate, 

The role that CO 2 plays in the various phases of respiration has 
been a most confusing one. A discussion of the difficult question 
concerning the specificity of CO 2 will not be attempted in this 
paper, but evidence will be presented that in certain of the respira- 
tory reactions the specificity role of CO 2 must be abandoned and 
that its action must be attributed to the change in pH that it 
produces. 

The quantitative relationship that CO 2 plays in the oxygen 
transportation by blood was best expressed by Henderson (10) 
in his physicochemical system. The definite relationship of CO 2 
to pH as determining the oxygen saturation he expressed in the 
interdependence of six variables as determined by any two. 

H2CO, pH 

NaHCOa HbOa “ ^ Plasma Cl 
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Thus an increase in CO2 tension (H2CO3) with a corresponding 
increase in pH at any definite oxygen tension (O2) will decrease 
the amount of oxygen held as oxyhemoglobin (Hb02). The 
mechanism of these changes was shown m a graphical fashion by 
the author in a previous publication (11) and can be shown in the 
form of an equation without regard to quantities involved as 
follows: 

Reduction 

Hb02 + NaCl + CO 2 : z± HbCb + NaHCOs -f O. 

Oxidation 

This equation presents itself as a simple expicssion upon which 
both the static and dynamic phenomena of the oxidation and re- 
duction of hemoglobin can be explained. Thus in dealing with 
CO 2 on the left-hand side of the equation as a variable, it is evident 
according to the ‘mass law that for any given tension of oxygen 
(O 2 ) the equilibrium obtained and hence the degree of saturation 
of the hemoglobin with oxygen depend upon the C ()2 tension 
present. In a similar manner, the velocity of the reaction up to 
the point of equilibrium will also depend upon the free CO 2 con- 
tent. This IS shown in Charts 2 and 3 where an increase in CO 2 
tension increases the rate of reduction and df^creases the rate of 
oxidation as an interpretation of the equation would warrant. 
Chart 3 further shows that the increase in the rate of reduction as 
brought about by increased CO 2 tension is proportional m general 
to the resulting change in pH. This is further exemplified by 
the reduction curves on Chart 2 where the rate at pH 6.90 in 
blood, free of CO 2 but with lactic acid present, was comparable to 
the rate of the same blood nearly saturated with C ()2 and at a pH 
of 6.73. This is, theiefore, a demonstration of a second reaction 
where accurate methods have been used to show that CO 2 acts in 
changing the hydrogen ion concentration. 

A third example of a similar nature was demonstrated by Par- 
sons (6). In his study on the change in hydrogen ion concentra- 
tion m oxygenated and reduced blood, he showed that the change 
in CO 2 content of the blood in the respiratory cycle was of the 
same magnitude as that warranted by the difference that he found 
in the pH brought about by the concomitant change in the degree 
of oxygenation. 
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That the effect of CO 2 in increasing the rate of reduction and 
decreasing the rate of oxidation can be duplicated by changing the 
pH to the same degree by the addition of other acids is shown on 
Chart 4. It is apparent, therefore, that the effect of CO 2 or lactic 
acid is one of hydrogen ion concentration. It must be understood, 
however, that although hydrogen ion concentration has a specific 
effect on both the equilibrium and velocity of the oxidation and 
reduction reactions, that variations m other constituents such as 
salt concentration may have a marked effect. Barcroft and his 
pupils (12) first showed the influence of salts present on the dis- 
sociation equilibrium curve both in red corpuscles and oxyhemo- 
globin solution. We have not had the opportunity as yet to 
study the effect of salt concentration on the velocity curves except 
in the queer liehavior of NaHCOs m tlie presence of free CO 2 
(5.5 ])er cent) on the reduction curve as shown on Chart 4. This 
was a source of gieat perplexity and made several repetitions of 
the determinations necessary. Here, in spite of an increase in 
pH over normal, the rate of reduction is inci cased. We are at a 
loss as to an interpretation except attributing it to the specific 
effect of the sodium ion. In all the bloods where solutions were 
added (12 cc. of blood and 3 cc. of isotonic solution) an attempt 
was made to keep the tonicity unchanged and the volume the 
same. In the case of NallCOs this is difli(*ult, however, for the 
change of CO 2 tension during equilibration changes the amount of 
the former present and accordingly the osmotic prcssuie. 

N'o attempt will be made at the present time to discuss the many 
factors which may play an impoitant role in oxygen exchange, 
such as rate of diffusion through alveolar epithelium, plasma, or 
corpuscular membrane. The problem dealt with here has been 
one of the direct exposure of whole blood. 

The real question involved m this problem, however, is of what 
value are these studies in understanding the complex problem of 
the physiology of respiration. It is hoped that a continued study 
of the fundamentals involved will enable the clinician to deal 
more successfully with these problems at the bedside. 

The author wishes to take this opportunity to express his appre- 
ciation for the kindness shown and the helpful suggestions made 
by Prof. H. C. Bradley in whose laboratories the work of the past 
2 years has been done. 
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CONCLUSIONS. 

1. A colorimetric method has been described by means of 
which the rate of oxidation and reduction of blood can be deter- 
mined with fair physical constancy. 

2. Such studies show that oxygen tension markedly affects 
the velocity of the reactions. It is suggested that this may be an 
important factor in the anoxic type of anoxemia. 

3. An increase in pH increases the rate of oxidation and de- 
presses the rate of reduction. Conversely, a decrease in pH 
decreases the rate of oxidation and increases the rate of reduction. 

4. CO 2 affects the velocities by the pH changes that it produces. 
Other examples of the non-specificity of CO 2 are cited. 

5. Specific ions such as Na may modify to a considerable extent 
the reduction and oxidation curves. 

6. An attempt is made to explain the results obtained on the 
reduction-oxidation equations presented. 
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THE PRESENCE OF VERNINE (GUANOSINE) IN THE GREEN 

LEAVES AND BERRIES OF THE COFFEE TREE (COFFEA 
ARABICA L.) AND ITS RELATION TO THE ORI- 
GIN OF CAFFEINE IN THIS PLANT * 

By T DE A CAMARGO 

{From the Agricultural Chemical Laboratory of the State Agricultural College 
of Sdo Paulo y Piracicaha^ Sdo Paulo, Brazil ) 

(Received for publication, November 16, 1923 ) 

After studying the chemical composition of berries of the coffee 
tree in varying stages of development, I was able to verify that 
while yet green, besides caffeine, they contain adenine, hy- 
poxanthine, xanthine, and vernine (guanosine), this last in rela- 
tively large quantities. 

Schulze and coworkers (1) were the first to find this pentoside 
in young plants of Vicia sativa, Lupmus albas, and Trifolium 
pratense; in the ripe seed of Lupmus luieus and Arachts hypogrva; 
in small etiolated plants of Cucurbita pepo; in the green seed of 
Pisum sativum; and in the pollen grains of Corijlus avellana and 
Pinus sylvesirts. 

Von Lippmann (2) and Andrlik (3) found this same substance in 
molasses. 

Schulze and coworkers (1) say that the quantity of vernine was 
always very small and was frequently even not met in plants from 
which it had already been isolated as in the case with young 
plants of Vicia sativa. 

Later, he and Trier (4) found that vernine was identical to the 
guanosine isolated from nucleic acid by Levene and Jacobs (5). 

The discovery of this substance in green leaves and berries of 
coffee goes further to prove one of the hypothesis as to the origin 
of caffeine in plants, the hypothesis advocated by Clautriau, 
Suzuki, Hartwich, Du Pasquier (G), and Pictet and by which 
caffeine is held to be a product of the decomposition of nuclein in 

* Translated by Carlos de Barros Wright (Agronomo) . 
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precisely the same manner as happens with xanthine in the 
animal organism. 

When searching for caffeine and the alloxuric bases in leaves 
killed by frost and in green leaves gathered from the same branch, 
I found that the green leaves contained less nitrogen of the 
alloxuric bases and of caffeine than did the leaves killed by frost, 
as is shown by Table I. 

The alloxuric bases of the leaves killed by frost were con- 
stituted almost exclusively of guanine while in the green leaves as 
well as in the green berries I found adenine, hypoxanthine, and 
xanthine in very small quantities; but never free guanine. 

As is well known, cell membranes of leaves killed by frost lose 
their impermeability due to the transformations suffered by the 
colloids of which they are constituted. The enzymes, which 
exist in the tissues, now being able to pass through them, reach on 
the guanosine and are thus the cause of the increased quantities of 
alloxuric bases found in the coffee leaves killed by frost. 


TABLE I 


Total nitrogen 100 

Green leaves 

1 Leaves killed 
by frost (7). 

Caffeine nitrogen 

6 79 

7 09 

Alloxuric bases nitrogen 

0 45 

0 88 


It is my opinion that the increased quantity of caffeine, which 
was observed, is also related to this same phenomenon and that 
the formation of caffeine in the leaves and berries of the coffee 
tree is brought about by the transformation of guanosine to 
guanine, of this latter to xanthine, and lastly, of xanthine to 
caffeine, due to the action of the enzymes. 

EXPERIMENTAL. 

1,200 gm. of very fine dust of berries which fell in November^ 
were extracted several times by water, heated hours on the water 
bath, and the proteins, organic acids, tannin, etc., precipitated by 
neutral acetate of lead, care being taken not to use the reaction 
in excess. 

After having precipitated the excess of lead by H 2 S, the filtrate 
was concentrated under a reduced pressure of about 500 cc. and 


^ 200 berries weighed 3,217 gm. and contained 69 per cent of moisture. 



T. de A. Camargo 


833 


the caffeine extracted by chloroform until a drop of the chloroform 
extract no longer left a residue to caffeine. The extract, free of 
caffeine, was treated by nitrate of mercury according to the 
method of Schulze and Trier (4). 

The precipitate, thus obtained, was filtered, thoroughly washed 
with cold water, pressed between filter paper, suspended in water, 
and decomposed with sulfurated hydrogen. The filtrate from 
mercury sulfide, after being discolored by animal charcoal, was 
made faintly alkaline to litmus and evaporated under reduced 
pressure to a small volume, care being taken constantly to verify 
the reaction of the liquid during the evaporation, in order to keep 
it always neutral or slightly alkaline. 

The solution, after being thoroughly concentrated, formed a 
jelly, which, on being again dissolved, formed crystals. These 
crystals were separated by filtration and purified by successive 
recrystallizations. Thus purified, they formed delicate needles, 
which, being dried between filter paper, acquired a silky glitter. 

They were insoluble in cold water and alcohol, but dissolved 
readily in boiling water, diluted mineral acids, and alkalies. 

The solution of the crystals was precipitated by phosphotungstic 
acid and nitrate of mercury. 

The phloroglucin-hydrochloric acid test was positive and the 
colored solution thus obtained, extracted by amyl alcohol when 
viewed before the spectroscope, was found to show a sharp black 
absorption band in the yellow of the spectrum between the D and 
E lines. 

A solution of the substance in 1 per cent sulfuric acid, heated in 
an autoclave under a pressure of one and a half atmospheres during 
2 hours, on being evaporated to a small volume, formed crystals 
which, by their characteristic form and by the loss of water of 
crystallization, on being heated proved to be sulfate of guanine. 
All the guanine in this solution was precipitated by ammonia and 
the filtrate treated by an excess of carbonate of barium and 
evaporated until thoroughly dry. Redissolved in cold water and 
filtered, the liquid thus obtained was tested for and found to 
contain pentoses. 

3 kilos of leaves gathered in June, containing 63.18 per cent of 
moisture, treated by the same process, were found to contain 
guanosine also. 
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CONCLUSION. 

In the green leaves and berries of the coffee tree of the species 
‘'arabica^^ there exists a pentoside containing guarune. This is 
probably the guanosine discovered in several plants by Schulze, 
and by Levene and Jacobs in nucleic acid. 

This pentoside is probably the origin of the caffeine in the green 
leaves and berries of the coffee tree. It is transformed by enzymes 
to guanine, then to xanthine, and finally from xanthine to 
caffeine. 

BIBLIOGRAPHY. 

1 Schulze, E , and Bosshard, E , Z physiol Chem , 1886, x, 80 Schulze, 

E , and von Planta, A , Z physiol Chem , 1886, x, 326 

2 von Lippmann, E 0 , Ber chem Ges , 1896, xxix, 2653 

3. Andrlik, K , Chem Ztg , 1909, xxxiii, 637. 

4 Schulze, E , and Trier, G , Z physiol. Chem , 1910-11, Ixx, 143. 

5 Levene, P A , and Jacobs, W A , Ber chem Ges., 1909, xlii, 2469, 

2474, 2703, 3247 

6 Tunmann, O , Pflanzenmikrochemie, Berlin, 1913, 308 

7. Camargo, T. do A , Contribui^ilo para o estudo das transforma^Ses 
chimicas soffridas pclas folhas de cafeeiro mortas de geada, Sao Paulo, 
1921 



ON THE EFFECT OF HEMATOPORPHYRIN ON THE 
DEPOSITION OF CALCIUM IN THE BONES 
OF RACHITIC RATS.* 

By E C. van LEERSUM. 

(From the Laboratory of the Netherlands Institute of Nutrition, Amsterdam^ 

Holland ) 

Plates 3 to 5. 

(Received for publication, November 5, 1923 ) 

Like that of a photographic plate, the sensitiveness of living 
cells and organisms to rays of light that lie within the bounds of the 
visible part of the spectrum can be considerably increased. Raab 
(1) observed this sensitizing influence of acridine on paramecium 
and von Tappeiner and Jodlbauer (2) and others found that only 
certain fluorescent substances possessed this remarkable quality. 

Several of these sensitize only in vitio, while a few, namely 
eosin, chlorophyll, and certain derivatives of blood pigment, 
have also proved effective in vivo With one of these latter, 
hematoporphyrin, interesting experiments have been made by 
Hausmann (3), Meyer-Betz (1), and others, which have shown 
that the sensitizing power of this substance is very strong, though 
its degree of fluorescence, if compared with that of eosin for in- 
stance, is not very high. 

Hausmann found that white mice that can stand a dose of 10 mg. of 
hematoporphyrin without apparent harm, provided they are kept in the 
dark, are killed within a few hours by a dose of but 2 mg with symptoms 
of hyperemia of the skin, itch, activity, dyspnea, and convulsions, if they 
are exposed to direct sunlight Less intense light caused chronic poisoning 
and death after some days, or at least long oversensitivencss to light. 

Meyer-Betz injected a solution of 200 mg of hematoporphyrin into 
his own blood Subsequent exposure to sunlight produced most distressing 
symptoms On the spot where the injection had been made under the 


* Dedicated to Professor Dr. C. Eijkman, on the occasion of the 25th 
anniversary of his appointment as Professor of Hygiene. 
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influence of Finsen light an infiltration developed, which passed into necro- 
sis. Furthermore, his skin became hypersensitive to sunbeams. A short 
exposure of his hands to sunlight immediately produced a sensation of 
burning and after some time strong hyperemia and edema of the skin. 
His face became so swollen that he could not open his eyes, and it was 
several days before these symptoms had disappeared. The sensitiveness 
of the skin to light lasted for a long time. 

In connection with these facts it may be remembered that Ehrmann (5) 
ascribes the idiosyncrasy with regard to sunlight of the so called hydroa 
vacciniforme to photodynamic action of hematoporphyrin. Mackey and 
Garrod (6) and others have stated that they have found hematoporphyrin 
in the urine of sufferers from this malady, which usually occurs in spring. 
Perutz (V) saw vesicles appear on the skin of rabbits poisoned with sulfonal, 
which poisoning, as is well known, may be accompanied by hematopor- 
phyrinuna if exposed to rays of the quartz mercury arc 

While I was employed on an investigation of the therapeutics 
of rickets, more in particular on the effect of light, by means of 
which investigators such as Hess and Unger (8) and Huldschinsky 
(9) have obtained such remarkable results, I asked myself if 
hematoporphyrin, which has proved to act as a strong sensitizer, 
had perhaps any effect on the calcium metabolism of rachitic 
rats. To ascertain this I subjected some rats suffering from 
experimental rickets to treatment with this derivative of blood 
pigment. 

Groups of young rats, each group from the same litter, were 
first fed upon Diet 3143 of McCollum and coworkers (10). This 
diet is made up as follows : 


parts 

Ground wheat kernel . 33 

maize ‘‘ . 33 

‘‘ gelatin . 15 

Wheat gluten . 15 

NaCl . . 1 

CaCOs . ... 3 

Total . . 100 


As is well known, and as in this case, roentgenologic and histo- 
logic examinations of control animals proved that this diet causes, 
within a few weeks, changes in the tissues of the skeleton, which in 
detail show analogy to rickets; as for instance, thickening of the 
joints, softness of the long bones, curving of the ribs at an angle 
(rosary), and in connection with this, deformation of the thorax. 
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The x-ray photographs of the joints show a broad, vaguely and irregu- 
larly outlined zone between epiphysis and diaphysis, which points to a 
defective calcification of the cartilage. This uncommonly wide zone, 
which is not seen in normal individuals or rachitic rats treated with active 
light or with cod liver oil if put under the magnifying glass, proves to con- 
sist of cartilaginous tissue, in which either no calcium at all or only a small 
quantity has here and there been deposited in the matrix of the prolifera- 
tive cartilage. On the other hand, blood vessels have in several places 
penetrated into the proliferating cartilage All this has caused a complete 
loss of the regular structure of the cartilage with its various layers of 
proliferous, hypertrophic, and preparatory calcified cells The wall of the 
long bones is flexible and so soft that it can easily be cut without previous 
decalcification It consists for the greater part of osteoid tissue of which 
only the inner layers are calcified and these incompletely, for they are 
perforated in various places The trabecuLe of the spongiosa*are few, 
small, and irregular in form and they are embedded m an excess of osteoid 
The marrow, on the other hand, is abundant, highly vascularized, and 
often very fat. 

As soon as the animals showed signs of rickets and the morbid 
changes in the bone tissue of control animals had been estab- 
lished by means of x-rays and the microscope, the former received 
several times, at intervals of a few days, an injection of 3 to 10 
mg. of hematoporphyrin hydrochloride m an alkaline solution; 
after which treatment they w'ere first examined by x-rays and then 
killed for the purpose of microscopic examination. 

In a number of cases, for the sake of a more reliable control, 
I set to work in a different way. Before administering hemato- 
porphyrin I amputated one of the hind legs, the long bones of 
which were then examined in the usual way as the control of the 
other leg, which was examined in its turn after the treatment with 
hematoporphyrin had taken place. With a single exception the 
animals bore the operation, which took place lege artis and barely 
lasted 10 minutes, very well. The healing of the wound pro- 
ceeded, with a single exception, per pnmam and was so rapid that 
within a week treatment with hematoporphyrin could be started. 

Though it was not likely that the operation per se would influence 
the deposition of lime, I compared, to make sure, the amputated 
leg of a rat with the remaining one after the animaFs recovery, 
but I did not find any difference between them with regard to 
the deposition of lime in the bone tissue. 
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To test the influence of hematoporphyrin on the deposition of 
calcium in the metaphysis I made use of the line test recom- 
mended by McCollum and co workers (11). Ejftremely small 
deposits of calcium in the rachitic metaphysis are clearly ob- 
servable under the microscope, especially if one uses Kossa^s 
silver test. The sections can then be colored in the usual way;^ 
I applied, by preference, van Gieson^s stain, because by this the 
osteoid tissue assumes a bright garnet red and thus forms a striking 
contrast with the other tissue elements. 

When applying the line test one has to take care that the rachitic 
diet is not continued longer than is necessary to develop rickets; 
if it is continued too long the process enters the stage of recovery 
which as we know from clinical experience" also comes without 
therapeutic measures and during which deposition of calcium 
takes place, which might be misleading. 

Besides the histologic examination I also made chemical 
determinations of the calcium content in some of the long bones. 
Unfavorable circumstances prevented me from completing this 
part of the work. Though hoping to find an opportunity to 
finish this work, I will now observe that I doubt if the results will 
reveal great differences between the calcium content in the bones 
of rachitic animals and of those treated with hematoporphyrin. 
The line test becomes positive with very minute quantities of 
calcium. It is very doubtful whether the calcium increment can 
be demonstrated analytically, by weight, as well as by roent- 
genologic and microscopic means. 

For want of better facilities I was obliged to keep the rats in 
the basement of my own house, into which no sunbeam can pene- 
trate. Furthermore, the sun shone but seldom in Holland during 
the winter months of 1922-1923 and the diffuse daylight was for 
the greater part intercepted by adjacent houses. As a matter of 
fact the bad light in the room in which both the control rats and 
those treated with hematoporphyrin were kept (both under exactly 
the same conditions) was of little importance as the window glass 
absorbs all the rays that effect rickets. For rays of shorter wave- 
lengths than 334 rrifi are not transmitted by this kind of glass, at 
least not by the kind that Hess and Weinstock (12) used, and it is 
rays the wave-length of which is not above 312 that have a 
therapeutic effect on rachitis. This explains why, with a suitable 
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diet, rachitis can always be effected, even in rooms where the 
light is better than in mine. 

It also appeared from my experiments that hematoporphyrin 
is by no means a harmless substance. Though the animals were 
not exposed to sunlight, they bore the injections very badly. 
Some animals died the very next day and others lost weight during 
the treatment, which must probably be partly ascribed to their 
loss of appetite. Two rats died the day after the injection of 
10 mg.; another was extremely sick after a dose of 9 mg., so that 
I considered it best to kill it. A white rat lost 10 gm. after two 
doses of 8 mg. in a week; another lost 32 gm. in consequence of 
5 mg. three times in 7 days. 

The influence of hematoporphyrin on the deposition of calcium 
in the metaphysis was unmistakable. In all cases the line test was 
positive and in most cases the honeycomb-like deposit was much 
broader than the minute line of calcium that McCollum speaks of, 
so that the microscopic picture showed a striking resemblance to 
that of animals treated with cod liver oil or with irradiation. In 
accordance with this the bones of the animals after treatment with 
hematoporphyrin proved to be harder and were more difficult to 
cut for the sections. 

The difference in the x-ray photographs is also striking. Instead 
of the broad, vaguely and irregularly defined zone between 
epiphysis and diaphysis of the rachitic animals, there is to be seen 
on the plates of those treated with hematoporphyrin only a 
narrow, clear, and regular strip, which, in perfect agreement with 
the microscopic picture, betrays an increased deposition of lime 
in the metaphysis. 

Hence the therapeutic effect of hematoporphyrin in experimental 
rickets of the rat cannot be doubted. The question now arises 
how this effect can be explained. Is it direct or indirect? 

On the ground of what is known concerning the photosensitizing 
quality of hematoporphyrin the latter is more probable. It is 
very likely that this substance causes great sensitivity to visible 
rays of light, the photodynamic effect of which is but small in 
comparison with the ultra-violet rays and is entirely inefficient 
with regard to rachitis. If this supposition is admissible there is 
some reason to assume that the sensitizing power of hemato- 
porphyrin is very strong, for as was said before, the room where 
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the animals were housed was badly lighted. The question, how- 
ever, can only be solved if the experiment with hematoporphyrin 
is conducted in such a way that the admission of light is quite 
prevented, as in absolute darkness. I was unable at the time to 
make the experiment in this way. I did, indeed, try to make this 
necessary control possible by shutting up some of the animals in 
a cupboard, but it was not quite light-tight and besides, it had to 
be opened repeatedly for cleaning the cages and feeding the 
animals, and the injections had to be done in daylight. The 
animals thus treated reacted positively to the hematoporphyrin. 
However, I have now found an opportunity for experimenting in 
absolute darkness and hope to communicate the results in due 
time. 

It is a pleasure to acknowledge my indebtedness to Professor 
E. Ringer for the hospitality in his Laboratory of Physiological 
Chemistry at Utrecht, and to express my thanks to Professor W. 
Schuffner, of the Institute of Tropical Hygiene at Amsterdam, for 
his help in making the photomicrographs. 
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EXPLANATION OF PLATES. 

Plate 3. 

Fig. 1. Radiograph of one of the hind legs of normal albino rat No. 131. 
This animal served as a control and has been kept on the breeding diet. 
It belongs to the same litter as a group of rats, which has been kept on 
McCollum^s diet No. 3143. 

Fig 2. Radiograph of the hind legs of albino rat No 144 It has been 
kept on McCollum's diet No 3143 and has suffered from rickets Note 
the enlarged, wavy and indefinite outlined zone of proliferative cartilage 
of the tibia. Defective calcification. Note also the dislocation of the 
distal epiphysis of the left femur. 


Fig 3 Radiograph of the hind legs of black and white rat No. 199 
McCollum's diet No 3143 Treated with hematoporphyrin. 


Date 

Weight 

Remarks 



gm 


Oct. 

30 

52 


Nov. 

9 

58 

Inj'ection of 3 mg. hydrochloride hematoporphyrin. 

(t 

13 

58 

it tt ^ tt tt tt 

tt 

16 

54 

tt tt r tt tt tt 

o 

tt 

20 

51 


it 

23 

50 



27 

54 

Injection of 5 mg. hydrochloride hematoporphyrin. 

u 

30 

50 


Dec. 

4 

50 

Injection of 5 mg hydrochloride hematoporphyrin. 

tt 

7 

46 

tt tt ^ tt tt tt 

tt 

10 


Dead 


The long bones of the legs are but slightly flexible and are rather hard 
Note the well defined margins of the metaphysis 


Fig. 4. Radiograph of the knee joints of black and white rat No 197, 
taken post mortem. McCollum’s diet No. 3143 Treated with hemato- 
porphyrin. 


Date. 

Weight 



Remarks 


Oct. 30 
Nov. 9 

gm 

56 

62 

Injection of 3 mg hydrochloride hematoporphyrin. 

13 

58 

tt 
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Dec. 4 

50 
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tt 

tt 

“ 5 


Dead. 
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The long bones were hard, not flexible Note the narrow zone between 
epiphysis and diaphysis. The normal contour of the lAetaphyseal margins 
IS nearly restored. i 

Fig. 5. Radiograph of the knee joints of albino rat N6. 142, taken post 
mortem McCollum's diet No. 3143 Treated with cod liver oil. 


Date 

Weight 

Remarks 


om 


Nov. 9 

61 


Dec. 4 

81 

2 gm. of cod liver oil daily. 

14 

75 

Diarrhea 

“ 18 


Dead 


Auto'psy — Meteorism and enteritis Edema of the tail and the hind 
legs Note the resemblance to the radiographs of Rats 199 and 197. 

BMj bone marrow, CC, zone of columns of proliferous cartilage, CCR, 
calcified cortical bone, Ep, epiphysis, FC, fat cells, //C, zone of hyper- 
trophic cartilage cells, Met^ metaphysis, 0, osteoid tissue, PC, provisional 
calcification of proliferous cartilage; Per, periosteum, Sp, spongiosa 

Fig 6 Photomicrogaph of a section of the distal part of the femur of 
black and white rat No 219 Normal control animal Diet brown bread, 
milk, butter, cheese, and cabbage Partly decalcified in Muller’s solution. 
Staining* silver-van Gieson. Magnification X 15 Normal calcification 
of epiph/sis and diaphysis as well as of the proliferous cartilage 

Plate 4 

Figs 7 and 8. Photomicrographs of the distal parts of the right and 
left femurs of albino rat No 137 McCollum’s diet No 3143. Treated with 
hematoporphyrin. 


Date 

Weight 

Remarks 


om 


Nov 30 

109 


Dec 11 

114 


15 


The radiograph shows a broad metaphyseal zone. 

Feb 5 

148 


“ 21 


Amputation of the right hind leg 

26 

137 

Injection of 8 mg hydrochloride hematoporphyrin 

Mar. 3 


u a g « (( u 

6 

127 

Killed with chloroform. 
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Autopay. — Rosary. Bones not very hard. 

Fig. 7. Femur of right hind leg before the treatment with hemato- 
porphyrin. Partly decalcified. Silver-van Gieson. Ms^gnification about 12. 
Defective calcification of epiphysis and diaphysis Cortical bone thin, 
consisting for a great part of osteoid tissue. Proportion of osteoid tissue 
to calcified bone tissue 1:2, or even 1*1 Trabeculae of the spongiosa also 
thin, here proportion is 1:2 Zone of columns of proliferous cartilage cells 
enlarged No preparatory calcification of proliferous cartilage, only here 
and there some provisional calcification. 

Fig. 8. Femur of the left hind leg of the same animal after treatment 
with hematoporphyrin Partly decalcified. Silver-van Gieson Magnifi- 
cation about 12 Zone of columns of proliferous cartilage cells much less 
enlarged than in Fig 7. Positive line test. Distinct deposition of calcium 
in the proliferative zone of cartilage 

Figs 9 and 10 Photomicrographs of the epiphysis of the right and left 
femurs of black and white rat No 227. McCollum’s diet No 3143 


Date 

Weight 

Remarks 



grn 



Feb, 

12 

62 



Mar 

16 

84 

Amputation of right hind leg 

The long bones of 




this leg are soft and flexible 

While preparing the 




bone the epiphysis tears off 


it 

21 

77 

Injection of 7 mg hydrochloride hematoporphynn. 

Apr 

5 

78 

u « ^ a u 

a 

a 

11 

74 

it it ^ a a 

it 

ii 

20 

70 

Killed with chloroform 



Autopsy — Pale, gray colored muscles Rosary Bones moderately 
soft, less soft than those of the amputated leg In the vesica one brown 
calculus of 1 mm diameter 

Fig 9. Insufficient calcification of epiphysis, better calcification of 
diaphysis Corticalis thin Much osteoid Enlargement of proliferative 
zone of the cartilage, not regularly outlined by epiphysis and diaphysis. 
Partial calcification of metaphysis Irregular ingrowth of blood vessels. 
Disorganization of zone of columns of proliferous cartilage cells. 

Fig 10. Line test positive. For the rest, wall of the bone thin. Much 
osteoid. Poorly developed spongiosa 


Plate 5 


Figs. 11 and 12 Photmicrographs of the proximal parts of the right 
and left tibias of black and white rat No 231 McCollum’s diet No. 3143? 
Not decalcified Silver- van Gieson. Magnification about 12 
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Date 

Weight 

Remarks 

Feb. 13 
Mar. 7 
“ 13 

gm 

70 

82 

Amputation of right hind leg The long bones soft 
and flexible Enlargement of the metaphysis. 

u 17 

80 

Injection of 9 mg hydrochloride hematoporphyrin. 

20 

76 

n u g u It it 

22 

74 

(( It g u it tt 


71 

Killed with chloroform 


Autopsy — Pale, gray colored muscles Bones soft. In the vesica some 
brown concrements, not over 1 mm in diameter 

Fig 11. Proximal part of tibia of amputated right hind leg. Important 
enlargement of zone of proliferous cartilage On two spots only some 
preparatory calcification Much osteoid 

Fig. 12 Proximal part of tibia of left hind leg after treatment with 
hematoporphyrin Line test positive Calcification of the greater part 
of metaphysis Also beginning of calcification of the poripherical osteoid 
tissue 


Figs 13 and 14 Photomicrographs of the proximal parts of the tibia? 
of the right and left hind legs of black and white rat No 229 McCollum’s 
diet No 3143. Not decalcified Silver-van Gieson Magnification about 12 


Date 

Weight 

Remarks 

Feb 

13 

gm 

61 


tt 

26 

64 


Mar. 

7 

66 


it 

15 

66 

Amputation of right hind leg Long bones very soft 

it 

21 

56 

and flexible 

Injection of 10 mg hydrochoride hematoporphyrin. 

it 

22 

55 


tt 

23 


Dead. 


Autopsy — Bones somewhat harder than those of right leg. 

Fig 13 Proximal part of the tibia of the amputated leg. Important 
enlargement of the zone of proliferative cartilage. One-half of this zone 
consists of cartilage tissue, the other half partly of cartilage, partly of 
osteoid Between osteoid and cartilage tissue there is an irregular layer 
of calcium. Much osteoid 

^ Fig 14 Proximal part of the tibia of the left hind leg after treatment 
With hematoporphyrin. The calcium deposit takes up the whole breadth 
of the metaphysis. Positive line test 
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THE AMINO-ACID CONTENT OF THE BLOOD IN NORMAL 
AND PATHOLOGIC CONDITIONS. 

By carl H. GREENE, KATHLEEN SANDIFORD, and HELEN ROSS. 

{From the Laboratories of General Medicine and from the Laboratory of 
Clinical Metabolism, Mayo Clinic and Mayo Foundation, 
University of Minnesota, Rochester.) 

(Received for publication. November 13, 1923 ) 

The present day concepts of the amino-acid metabolism in 
normal persons have been formulated largely on the basis of 
the studies of Folin and Denis, Van Slyke and Meyer, and 
Folin and Berglund. These authors have been particularly 
interested in the relation of the amino-acids in the blood to the 
processes of protein metabolism in normal persons. 

The behavior of the amino-acids in the blood in disease has 
not been investigated so thoroughly. On the basis of his study 
of normal persons, Folin says: “The deamination process appears 
to be such a fundamental process that one cannot expect to find 
many pathological conditions in which the amino nitrogen of 
the blood filtrates will vary very much from the normal.” Various 
analyses of the blood in disease have been reported, but not 
in a series sufficiently large to establish this generalization. 
Furthermore, the results reported have not been sufficiently 
uniform to be of great value in the study of the deamination 
process. 

The quantitative study of the amino-acids in the blood has 
been difficult because of the inadequacy of the earlier methods of 
analysis; indeed it was not until 1914 that Abel, Rowntree, and 
Turner first isolated crystalline amino-acids from the blood stream 
by their method of vividiffusion. The present methods of anal- 
ysis are more satisfactory, but the exact amount of amino nitro- 
gen found in a sample of blood depends largely on the details 
of the analytic method used. Amino-acids are more concentrated 
in the blood corpuscles than in the serum. 
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The method of protein pi^ecipitation is important. Hiller and 
Van Slyke have recently compared the more commonly used 
reagents, most of which permit similar amounts of amino nitrogen 
to pass into the blood filtrate. After alcohol precipitation, how- 
ever, the filtrate contains only about two-thirds as much amino 
nitrogen as the filtrates after trichloroacetic acid, or tungstic 
acid precipitation, although the proportion of the amino nitro- 
gen in the alcohol filtrate is fairly constant. This objection to 
the method of alcohol precipitation in no way affects the validity 
of the conclusions drawn from comparative physiologic experi- 
ments, but the results of Van Slyke and Meyer, and of others 
using the method cannot be compared directly with analyses of 
filtrates prepared according to the methods of Bock or of Folin 
and Wu. The postalimentary amino-acidemia must also be 
considered in interpreting analytic values found in blood samples 
not taken under conditions of fasting, although Hammett found 
practically the same amino nitrogen content in blood samples 
taken from 3 to 4 hours after a meal, as in samples after fasting. 

In this study, analyses were made of whole blood from a series 
of disorders as exi^ensive as possible, with special reference to 
known disorders of metabolism. All blood samples were taken 
in the morning, before breakfast. The colorimetric method of 
Folin was used for determining the amino nitrogen. Duplicate 
analyses of standard solutions of alanine by the nitrous acid 
method of Van Slyke gave constant analytic values, although a 
somewhat more uniform series of readings was obtained by the 
colorimetric method. Duplicate analyses of a small series of 
blood filtrates indicated that the results by the Folin method 
were, on the average, slightly higher (0 5 mg.) than those by 
the Van Slyke method. Because of the greater convenience, the 
colorimetric method was used routinely in the present study. 

DISCUSSION OF RESULTS. 

A summary of the analytic data is given in Table I. The 
average, minimal, and maximal values for the amino nitrogen 
found in each condition are given. The constancy of the analytic 
values is striking, and in none of the conditions studied was there 
a significant deviation from the normal. Certain of these con- 
ditions warrant individual discussion. 
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Normal , — In a series of twenty observations on twenty normal 
persons, the ammo nitrogen in the whole blood was found to 


TABLE I 

The Amino-Acid Content of the Blood in Normal and Pathologic Conditions 


Diagnosis 

Obeerva- 

tiona 

Amino-acid nitrogen 
in 100 00 

Mini- 

mal 

Maxi- 

mal 

Aver- 

age 



mj 

mg 

mj 

Normals 

20 

5 2 

7 2 

6 37 

Renal insufficiency, blood urea greater than 





50 mg in 100 cc 

56 

4 9 

8 6 

6 52 

Chronic glomerular nephritis 

21 

5 1 

8 6 

6 57 

Pyelonephritis 

17 

4 9 

8 1 

6 55 

Hypertension and arteriosclerosis, blood 





urea normal 

20 

4 8 

7 7 

6 51 

Myocardial degeneration with cardiac de- 





compensation 

20 

4 7 

8 3 

6 83 

Exophthalmic goiter, basal metabolic rate 





above +15 

44 

4 6 

7 7 

6 00 

Adenoma of the thyroid with hyperthyroid- 





ism, basal metabolic rate above +15 

27 

5 1 

8 0 

6 31 

Myxedema and hypothyroidism, basal met- 





abolic rate below —10 

25 

4 9 

8 2 

6 11 

Diabetes, blood sugar over 0 2 per cent 

86 

4 6 

8 0 

6 06 

u u below 0 2 

30 

5 1 

7 6 

6 31 

Obesity 

17 

5 6 

8 0 

6 75 

Chronic arthritis 

11 

5 9 

8 2 

6 67 

Carcinoma 

19 

5 3 

7 4 

6 22 

Hepatic insufficiency as shown by the phe- 





noltetrachlorophthalein test 

19 

4 7 

8 1 

6 30 

Anemia 

6 

5 1 

8 0 

6 38 

Tetany 

5 

5 0 

7 2 

5 76 

Duodenal ulcer, sippy regime 

5 

5 7 

6 7 

6 34 

Pneumonia 

3 

5 5 

6 6 

6 10 

Typhoid fever 

1 



6 50 

Addison’s disease 

3 

5 8 

6 0 

5 90 

Acromegaly 

1 



5 90 

Gout 

2 

6 3 

6 8 

6 55 

Total 

458 

4 6 

8 6 

6 32 


vary between 5.2 and 7.2 mg. in 100 cc., the average amount 
being 6.37 mg. This compares favorably with the analyses of 
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Folin and Berglund. In a series of twelve normal; fasting subjects, 
they found that the blood contained from 5.7 to 7.8 mg. of amino 
nitrogen, an average of 6 4 mg. These two series of estimations 
were made by the same method under similar conditions. The 
analyses of Bock gave slightly higher amounts, 7.72 mg., while 
those of Hammett were slightly lower, 4.9 mg. Blau, also using 
the gasometric method, obtained values for the normal comparable 
with those of Hammett. The other reported analyses of normal 
human blood come within the foregoing limits. 

of 



Fig. 1. Frequency curve showing the distribution of different concen- 
trations of ammo nitrogen in human blood over the range of occurrence. 


Frequency curves were constructed, showing the distribution 
of amino nitrogen in the blood of normal persons, and that of the 
entire group studied. As there was no significant divergence 
lietween the two scries, only the curve for the larger group is 
shown (Fig. 1). This frequency curve is fairly symmetric. 90 
per cent of the observations are between the values of 4.8 and 
7.8 mg. The most probable value for the amino nitrogen con- 
tent of the blood is between 6.0 and 6.4 mg., while the average 
is 6.3 Uig. 
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Renal Insufficiency. —Bodkj in particular, emphasized the 
possibility of an increase in the amino nitrogen in the blood ac- 
companying the retention of other forms of nitrogen in cases of 
chronic nephritis and uremia. Okada and Hayashi have also 
reported such an increase in dogs, following ligation of both ureters. 
Folin and Berglund, on the other hand, did not find evidence of 
amino-acid retention in a small series of patients with high blood 
urea. In our study, the observations were classified according 



Fia 2. The amino nitrogen in the blood compared with the blood urea 
in patients with renal insufiioiency. 

to the clinical diagnosis. Also, all cases in which the blood urea 
was more than 50 mg. were grouped. The relation between the 
amino nitrogen and the blood urea is shown in Fig. 2. There 
is no significant departure from normal in any of the foregoing 
groups, and no apparent correlation between the amino-acids 
and the degree of renal insufficiency or urea retention. 

The similarity between the results obtained by the colorimetric 
and gasometric methods of analyzing the blood of normal per- 
sons has been mentioned. Urea reacts slowly with nitrous acid, 
and, if present in moderate amounts, will lead to high readings 
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by the Van Slyke method unless appropriate corrections are made. 
Comparison between the two methods when tested against a 
known alanine solution and the solution with 300 mg. of urea 
added in 100 cc. is shown in Table II. The colorimetric method 
gives similar analytic values in the different solutions, and the 
accuracy is not affected by the excess of urea. No attempt was 
made to remove the urea by treatment with urease, but the usual 
corrections were made in the gasometric analysis. Nevertheless, 


TABLE II 

Comparison between the Folin and Van Slyke Methods for Determining 

Amino Nitrogen. 



Alanine solution 

Alanine solution 
with 300 mg urea 
in 100 cc 

Alanine 
solution with 
300 mg gluc'ose 
in 100 cc 


Folin 

Van Slyke 

Folin 

Van Slyke 

Fohn 


mo per 
100 cc 

8 25 1 
8 58 

8 26 

8 45 

8 44 

8 59 

8 42 

8 54 

mg per 
too cc 

8 75 

8 65 

8 20 

8 34 

8 47 

8 20 

1 8 61 

m 7 per 
100 cc 

8 49 

8 69 

8 27 1 
8 23 1 
8 92 

mg per 
100 cc 

12 20 

11 10 

9 40 

11 80 

11 50 

m? per 

100 cc 

8 59 

8 70 

8 72 

8 54 

8 68 

8 76 

8 68 

8 80 

Average 

“ deviation 

8 45 
d=0.15 

8 45 
±0 20 

8 50 
±0 20 

11 40 
±0 50 

8 70 
±0 10 


the gasometric method shows a relatively large error as a result 
of the added urea, and the possibility of such error must be con- 
sidered in interpreting previous analyses by that method. 

We have repeated the experiments of Okada and Hayashi, 
but were unable to confirm their finding of an increase in the 
amino-acids in the blood following nephrectomy. The changes 
in the blood urea and in the amino nitrogen in a dog, following 
bilateral nephrectomy, are shown in Fig. 3. The increase in the 
blood urea apparently is directly proportional to the length of 
time after operation. The amino-acids, on the other hand, show 
no change during life. Blood taken post mortem contained nearly 
double the previous amount of amino nitrogen. Whether this 
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increase is strictly post mortem or develops during the last 12 
hours of life we are not prepared to say. In any event it is es- 
sentially a terminal condition. Haden and Orr found no change 
in the amino nitrogen content of the blood following intestinal 
obstruction, although there was a marked increase in the blood 
urea, with accompanying evidence of protein destruction. 

Thyroid Disorders , — The metabolic changes in diseases of the 
thyroid gland are well recognized. The metabolic rate is an 
accurate index of the degree of the disturbance, especially in 
cases of exophthalmic goiter. However, no correlation was foxmd 



•— •f\nino niTwooEfi mg in ioo cc blood 

Fia 3. Changes in the amino nitrogen and the urea content of the blood 
of a dog following bilateral nephrectomy. The increase in the amino 
nitrogen in the blood obtained after death is shown. 

between the amino nitrogen in the blood and the metabolic rate 
(Fig. 4). The amino-acid content of the blood does not differ 
from the normal in cases of hyperthyroidism or hypothyroidism. 

Diabetes . — Desqueyroux has suggested that the amino-acids in 
the blood are increased in cases of diabetes, especially in obese 
persons. Neither in diabetes of any type nor in obesity did we 
find significant changes from the normal. The amino-acids are 
not correlated with the level of the blood sugar (Fig. 5). This 
was true both of patients under treatment and of those with 
diabetic coma and acidosis. 

Folin and Berglund noted a slight reduction in the nitrogenous 
constituents of the blood, including the amino-acids, after the 
ingestion of 200 gm. of glucose. They said: *^As was to be ex- 
pected from the absence of nitrogen intake and from the protein- 
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Fig 4. The amino nitrogen in the blood compared with the basal met- 
abolic rate 
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Fig. 5 The amino nitrogen in the blood compared with the blood sugar 
level. 
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sparing action of the sugar we meet here with small, but definite 
reductions in the different nitrogenous constituents in the blood.’^ 
Through the courtesy of Drs. Wilder and Kitchen, we were able 
to follow the amino-acids in the blood in their study of the effects 
of insulin on the utilization of different sugars. There was a 
slight, though definite, fall in the amino nitrogen after the ingestion 
of 100 gm. of sugar. This change was entirely similar to that 
reported by Folin and Berglund, the period of minimal amino 
nitrogen in general coinciding with the maximal blood sugar 
levels. There was no change in the hemoglobin during the ex- 
periment, showing that the fall in the amino-acids could not be 
referred to changes in the blood volume or in the relative propor- 
tions of plasma and corpuscles present. Levulose produced less 
change than did glucose. Insulin had no effect on the amino- 
acids. The degree of fall in the amino nitrogen bore no apparent 
relationship to the respiratory quotient or to the increase in metab- 
olism accompanying the oxidation of the sugar. We do not be- 
lieve that the relation between the sugar and the amino-acids is 
as simple as that postulated by Folm and Berglund, but are unable 
to account satisfactorily for these changes. 

Hepatic Insufficiency . — Opinions regarding the effect of hepatic 
dis(»ase on the arnmo-acids in the blood have varied in proportion 
to the degree of emphasis placed on the role of the liver in ammo- 
acid metabolism. Ammo-acid excretion in cases of acute yellow 
atrophy of the liver may be so increased that leucine and tyrosine 
crystals appear in the urine. The amino nitrogen in the blood 
was greatly increased in the cases studied by Feigl and Luce and 
by Stadie and Van Slyke. In cases of acute yellow atrophy, 
the hepatic insufficiency is complicated by the rapid autolysis 
of that organ and the consequent flooding of the system with 
ammo-acids of autolytic origin. An accumulation of amino- 
acids need not necessarily be ascril)ed to a failure of deamination 
and urea formation. 

Changes in the blood with acute yellow atrophy alone cannot 
be used as a standard for determining hepatic insufficiency in 
other disorders of the liver. Rowntree, Marshall, and Chesney 
have made the most extensive study of the amino-acids in the blood 
in hepatic disease. They suggest that the amino nitrogen may 
be increased in a considerable proportion of such cases. They 
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used blood serum in their study and also the alcoholic filtrate for 
analysis; hence the values they obtained for the amino nitrogen 
cannot be compared directly with the present data. The in- 
creases they found were not striking, especially in view of the low 
value for amino nitrogen taken as the upper limit of normal. 
Marshall and Rowntree also found a slight increase in the amino- 
acids in the blood of dogs after phosphorus poisoning. They 
point out that this increase is largely terminal, and examination 
of their protocols shows that the highest values were obtained 
in postmortem samples of blood. 

In this study an attempt was made to confirm the degree of 
hepatic insufficiency by means of the Rosenthal modification of 
the phenoltetrachlorophthalein test of Rowntree, Hurwitz, and 
Bloomfield. This test is not an absolute gauge of hepatic func- 
tion, but in conjunction with the accompanying clinical findings 
it affords a convenient index of severe functional disturbance. 
In all the cases reported, largely cirrhosis or chronic hepatitis, 
there was marked retention of dye in the blood plasma 2 hours 
after injection. No evidence of disturbance in the amino-acid 
content of the blood was found. Unfortunately, no cases of 
acute yellow atrophy were available. 

Leucerma , — Martin and Denis found evidence of an increase in 
the rest nitrogen in the blood in cases of leucemia. They sug- 
gested that this increase might be due to amino-acids, and this 
suggestion has since been abundantly confirmed by Okada and 
Hayashi, and by Sandiford, Boothby, and Giffin. The latter 
found that in leucemia the values for the amino nitrogen in the 
whole blood ranged between 5.0 and 16.0 mg., with an average 
value of 10.0 mg.,^ and were interested in a possible relationship 
between this finding and the increased metabolism usually occur- 
ring in this disease. 

The increased excretion of uric acid in cases of leucemia has 
long been recognized as evidence of a rapid destruction of leuco- 
cytes. CoUip, in particular, has emphasized the large amount 
of amino-acids present in the cell nucleus. It seems plausible, 
therefore, to ascribe the high amino-acid content of the blood in 
leucemia to the increase in the leucocytes and an associated flood- 
ing of the organism with amino-acids of autolytic origin. 

^ A detailed study of the metabolism in leucemia is in progress. 
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Miscellaneous . — In the other conditions, such as carcinoma, gout, 
and febrile diseases (Table I), noteworthy changes in the amino- 
acid content of the blood are not shown, and an examination of 
the literature did not indicate that changes were to be expected. 

CONCLUSIONS. 

The amount of amino nitrogen in the blood varies between 
4.8 and 7.8 mg. in 100 cc., the average amount being 6.3 mg. 
This was found to be true in normal persons, and in a series of 
more than 400 observations covering twenty pathologic condi- 
tions. The level of amino nitrogen may be increased by flooding 
the organism with amino-acids arising during digestion or from 
the rapid autolysis of body tissue, as has been noted in cases of 
leucemia and acute yellow atrophy of the liver. In general, the 
quantity in the blood is maintained within the foregoing limits 
with remarkable constancy. Such disease conditions as uremia, 
diabetes, exophthalmic goiter, or hepatic insufliciency are not 
exceptions to* this rule. 

The observed constancy of this regulation in the presence of 
such severe metabolic disturbances is direct evidence of the wide- 
spread and fundamental nature of the deamination processes in 
the body. 
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II. ISOLATION AND PROPERTIES OF LYSOLECITfflNS AND 
LYSOCEPHALINS. 

By P. A. LEVENE, IDA P ROLF, and H. S. SIMMS. 

{From the Laboratories of The Rockefeller Institute for Medical Research ) 
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In a previous publication,^ Levene and Rolf showed that by 
the action of cobra venom on egg yolk a product is formed which 
consists of a mixture of lysolecithin and lysocephalin. The 
evidence available at the time was to a certain extent of indirect 
character. In order to furnish more conclusive proof of this 
assumption it was necessary to isolate the components. This 
isolation is now accomplished. In several other respects also, the 
preparation of lysolecithin and lysocephalin was important. To 
begin with, the physical properties, especially the solubilities 
of these substances, are such as to permit a fairly accurate deter- 
mination of their dissociation constants. The latter ought to be 
practically the same for the lyso derivatives as for the parent 
substances. It is possible that a rational method of separation 
based on the dissociation constants might be devised for the lyso 
derivatives, and then successfully applied to the separation of 
cephalin from lecithin. Up to date, the latter problem has not 
yet been solved. The purest sample of unchanged cephalin con- 
tained 25 per cent of lecithin. Free from lecithin were prepared 
only such samples of cephalin as contained a large proportion of 
lysocephalin. 

Further, lyso derivatives present a convenient material for the 
investigation of the nature of the saturated fatty acids occurring 
in the molecules of lecithin and cephalin. 

Finally, these substances may serve as a convenient material 
for the preparation of pure synthetic lecithin and cephalin. 

1 Levene, P. A., and Rolf, I. P., J. Biol. Chem., 1923, Iv, 743. 
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Before referring to the method of separation and to the prop- 
erties of these two substances, a few words may be said regard- 
ing the preparation of the material. 

It was noted early in the work that the addition of large 
quantities of antiseptic to the digestion mixtures affected the 
yield very unfavorably. On the other hand, complete absence 
of antiseptic did not give satisfactory results. Best results were 
obtained when antiseptic was added, in sufficient quantity to 
retard the putrefactive processes, but not enough to prevent 
bacterial growth entirely. Thus it seemed that bacterial growt/h 
might have played a considerable part in the production of lyso- 
lecithin and lysocephahn. The fact, however, that these substances 
are produced within 2 hours after digestion has begun, and the fact 
that the largest yield was obtained in an experiment lasting only 6 
hours, seem to indicate that the process of formation of the lyso 
derivative is principally of an enzymatic nature. 

The details of separation of lysocephahn from lysolecithin are 
given in the experimental part. Here it is sufficient to state 
that the mixed two substances are precipitated by cadmium 
chloride. As with the dihydro derivatives of cephalin and leci- 
thin, so in the case of the lyso derivatives it was found that lyso- 
cephalin is the more insoluble in organic solvents and could be 
purified by crystallization from a solution in chloroform. Lyso- 
cephalin crystallizes in beautiful transparent needles which soften 
at 140°C. and melt with decomposition at 198°C. The specific 
rotation in glacial acetic acid was +2.0°. On hydrolysis of lyso- 
cephalin only one acid, namely stearic, could be isolated. Thus, the 
older observations on the saturated fatty acids of cephalin^ are 
corroborated. Lysolecithin is very much more soluble than lyso- 
cephalin and when nearly pure, may be recrystallized from 
chloroform, pyridine, and methyl and ethyl alcohols. The 
substance crystallizes in aggregates of needles. It has no sharp 
melting point, but softens at 100°C. and decomposes at 263°C. 
The specific rotations in chloroform, pyridine, and glacial acetic 
acid are —2.6, +1.2, and +0.8°, respectively. There is, therefore, 
a marked difference between the specific rotations of lysocephahn 
and lysolecithin. On hydrolysis, lysolecithin yielded palmitic- 

* Levene, P A , and Ilolf, I P., J, Biol, Chem , 1921, xlvi, 193. 
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and stearic acids, thus again confirming the results obtained with 
pure lecithin.^ 

Regarding the dissociation constants, lysolecithin and lyso- 
cephalin, as any other amino-acids, were each expected to have 
two dissociation constants. For lysolecithin, Ki = 0.18, K 2 = 
1.3 X 10~^^ and the isoelectric range is between pH 2.75 and 
9.90; for lysocephalin, Ki = 3 X 10-^ K 2 = 3.4 X 10 and 
the isoelectric range is between pH 5,5 and 7.5. 

From our present knowledge it is impossible to distinguish 
which pK is the acid and which the basic one. By analogy with 
the older conception of amino-acids, the lower one should be the 
basic and the upper one the acidic. Then at pH values between 
the pK^s, these substances would exist largely as undissociated 
molecules. 

However, Bjernun^ considers that the constants for amino- 
acids are the reverse of the usual conception. If this is true, 
and the lysolipoids are dissociated in an analogous manner, then 
the lower pK would be the acidic one and the upper the basic. 
Hence betw(ien them the substances would exist largely as doubly 
dissociated. Both groups would be simultaneously ionized, produc- 
ing an internal salt. 

The isoelectric range is given in the experimental part. It 
represents the pH range over which the substances are less than 
1 per cent dissociated according to the older conception of amino- 
acids. If they correspond to Bjerrum^s conception, then this 
value is the pH range over which there is more than 99 per cent 
dissociation of both groups. 

The isoelectric ^'point^' for lysolecithin is 6.33 and for lysoceph- 
alin 6.5, but these values have no practical significance owing to 
the wide range in which there is no buffer effect. 

Physiologically, it was of interest to determine whether the 
hemolytic property of the mixed lyso derivatives was the common 
property of both derivatives or of only one. The experiments 
reported here were carried out by Dr. Hide3^o Nogouchi and show 
that both lysolecithin and lysocephalin possess this property. 

3 Levene, P A , and Rolf, I P , J B%ol Chem , 1921, liv, 92. 

* Bjerrum, physilc Chem , 1923, civ, 147. 
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EXPERIMENTAL. 

A, Preparation of Mixed Lysolecithm and Lysocephalin , — A 
crude mixture of lysolecithin and lysocephalin was prepared by 
the general method described in the preceding paper of this series. 
Some slight modifications of this method have been found ad- 
vantageous. Thus, the digestion of egg yolk was carried out in 
small lots, twenty yolks being diluted with 600 cc. of m/15 phos- 
phate solution of a pH = 7.0.® This volume was digested with 
0.010 gm. of cobra venom for 14 hours at 40°C. The mixture 
was then poured into an equal volume of warm (40-50°C.) 95 per 
cent alcohol and the precipitated proteins were removed by filtra- 
tion. As the protein material retained considerable quantities 
of hydrolyzed lipoids, it was exhaustively extracted with 95 per 
cent alcohol and the combined liquors were concentrated under 
diminished pressure to a small bulk. To the residue a concen- 
trated aqueous solution of cadmium chloride was added. The 
mixed cadmium salts, precipitated by the addition of several 
volumes of acetone, were filtered after standing at overnight. 
It is essential to remove the adhering oils at this point by thorough 
washing with acetone. The salts were then suspended in warm 
chloroform and decomposed with alcoholic ammonia. The 
precipitated cadmium hydroxide (A) is filtered off, the filtrate 
is concentrated, and to the residue enough ether is added to pre- 
cipitate the mixed lysolecithin and lysocephalin. Purified by 
repeated solutions in chloroform and precipitation from acetone 
or ether, such material analyzed as follows: 

0.1032 gm. substance : 0 2220 gm. CO2, 0 0938 gm. H2O, and 0.0147 gm. ash. 

0.1880 : (Kjeldahl) 4 10 cc 0 1 n acid. 

0 2820 : (fusion) 0 0522 gm MgaPjOz. 

The ammo distribution® 

5 cc.: (Kjeldahl) 5.70 cc 0 1 n acid. 

2 : (Van Slyke) 1 29 ‘‘ N2 at 22°C., 750 mm. 

Found No. 380. C 58.66, H 10 17, N 3 03, P 5.15, ash 14 24. 

Ammo N2 _ 22 
Totaf NT “ 160 


® A senes of similar experiments, carried out over a range of hydrogen 
ion concentrations varying from pH 6 5 to 8, mdicated that whereas cobra 
venom IS active between pH 6 5 and 7.5, it is entirely inactivated at pH 8 
® Cf Levene and Rolf,* p. 745. 
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Since abundant bacterial growths were found in the digestion mixture, 
the experimental conditions were varied in an attempt to attain sterility. 
All digestion mixtures, however, showed the presence of bacterial growth. 

Table I shows the yields of the mixed lyso bodies when twenty eggs 
in 600 cc. of ^ phosphate solution (pH = 7.2) were digested at 40®C. 


TABLE I. 


Expen- 
ment No 

Time of 
digestion. 

Cobra 

venom 

Antiseptic used. 

Yield of 
lyso 
bodies 


hrs 

mg 




gm. 

1 

16 

10 

None. 


3 7 

18 

16 

10 


u 


6 3 

2 

16 

10 

2 

drops toluene 

6 4 

19 

16 

10 

2 

u 

ti 

9 1 

14 

6 

10 

2 

u 

a 

1.9 

15 

6 

5 

2 

u 

a 

1 0 

16 

6 

20 

2 

n 

a 

9 0 

20 

2 

20 

2 

u 

ti 

4.7 

13 

6 

10 

36 

cc. 

it 

2 5 

10 

6 

10 

6 

gm. 

NaF. 

0.15 

9 

3 

10 

6 

u 

a 

0.15 

11 

6 

10 

3 

it 

ti 

2 0 

12 

6 

6 

6 

it 

ti 

0 0 

21 

15 

10 

6 

CC. CHCI3. 

3 0 

23 

15 

10 

5 

it 

“ + 5 CC. toluene. 

1.5 

22 

15 

0 

None 


0 0 


B, Separation and Properties of Lysoledthin , — If the chloro- 
form solution, (A), after separation from the inorganic salt, was 
concentrated until a precipitate just appeared in the flask and 
then allowed to stand at room temperature, material (crystalline 
if adhering oils have been sufficiently removed from the cadmium 
salt) which contained 75 per cent of lysocephalin separated. From 
500 gm. of crude cadmium salt 20 to 30 gm. of such material were 
obtained. By adding ether to the mother liquor until a faint 
turbidity developed and then allowing it to stand at 0°C., a second 
precipitate, containing 37 per cent of lysocephalin, was deposited. 

Complete precipitation after the separation of this material 
yielded a lysolecithin fraction containing about 10 per cent of 
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lysocephAlin. From 500 gm. of crude cadmium salt, the maxi- 
mum yield of such a fraction was 100 gm. Fr^m this fraction 
material of a higher degree of purity was obtained by adding to 
a warm chloroform solution a quantity of cadmium chloride in- 
sufficient to precipitate completely the lysolecithin present in 
solution. Thus, 175 gm. of such a material containing 10 per cent 
of lysocephalin were dissolved in 1 liter of chloroform and 50 gm. 
of CdCb in alcoholic solution were added. 145 gm. of lysolecithin 
cadmium chloride containing 4 per cent of amino nitrogen were 
deposited. By the complete precipitation of the mother liquor 
with cadmium chloride, an additional precipitate of 5.0 gm. was 
formed. This precipitate contained 7 per cent of amino nitrogen. 
Repetition of this procedure yielded amino-free material. 

From the fraction containing 37 per cent of amino nitrogen 
amino-free lysolecithin could be obtained, after several such 
partial precipitations. 

No, 540 

0 0944 gm substance * 0 2000 gm CO 2 , 0 0887 gm H 2 O, and 0 0130 gm ash. 

0.1802 : (Kjeldahl) 3 70 cc. 0 1 n acid. 

0 2712 ** : (fusion) 0.0578 gm. Mg 2 P 207 . 

It contained no ammo nitrogen 

Found. No 540. C 57 77, H 10 45, N 2 89, P 5 96, ash 13.77. 

Calculated. Lysolecithin. Ammo N 2 0 

Total Ns 100 

Containing stearic acid. C 57 65, H 10 43, N 2 59, P 5 73. 

palmitic acid. ‘‘ 56 10, “ 10 29, 2 72,'* 6.14. 

This material was readily soluble in hot pyridine from which, 
on cooling, it crystallized practically quantitatively in aggregates 
of fine needles. When thoroughly dry, it formed a pure white 
powder. However, unlike lysocephalin, it is very hygroscopic. 
It analyzed as follows: 

No. 520. 

0 1020 gm. substance : 0.2136 gm. CO 2 , 0.0920 gm. H 2 O, and 0.0150 gm. ash. 

0.1932 " " : (Kjeldahl) 4 00 cc. 0.1 n acid. 

0.2898 " " : (fusion) 0.0632 gm. Mg 2 P 207 . 

It contained no ammo nitrogen. 

Found. No 520. C 57.10, H 10.09, N 2 89, P 6.08, ash 14.70. 

Crystalline lysolecithin is readily soluble in, and may be re- 
crystallized from, chloroform, glacial acetic acid, pyridine, and 
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methyl and ethyl alcohols. It is insoluble in ether, gasoline, and 
acetone. With water it forms an emulsion typical of lipoidal 
materials. The addition of alkali causes immediate solution. 
When this solution is reacidified and allowed to stand, it sets to 
a colorless gel. 

When heated, it softens slightly at about 100°C. Further heating 
does not materially change its appearance before it melts with 
gas evolution and blackening at 263°C. 

Its rotation in chloroform solution was 




- 0 26** X 100 

1 xio 


-2.6*^ 


In pyridine solution it was 


Wo = 


+ 0 12** X 100 
1 X 10 


+ 1 . 2 ** 


In glacial acetic acid it was 


[«i 


u 

D 


+ 0 08° X 100 
1 XIO 


+ 0 8° 


C, Separation and Properties of Lysocephahn , — The yield of 
crude lysocephahn, separated by its insolubihty in chloroform 
from the first mixture of lysolecithin and lysocephahn, could 
be augmented by a fractionation of the intermediate fractions. 
Thus, the mother hquors, from which lysolecithin had been sepa- 
rated as the cadmium chloride salts, were combined and con- 
centrated under diminished pressure. To the residue an aqueous 
solution of cadmium chloride was added and precipitation com- 
pleted by the addition of several volumes of acetone. This mixed 
salt had a ratio of amino nitrogen to total nitrogen of 35 : 100. It 
was dissolved in chloroform and decomposed with alcoholic am- 
monia according to the usual technique. On concentrating the 
mother hquor in vacuOf a precipitate, rich in lysocephahn, was 
graduaUy deposited in the fiask. Recrystallized from chloro- 
form or pyridine, this material analyzed as foUows: 

No. 395. 

0.1068 gm. substance : 0.2208 gm. CO 2 , 0.0950 gm. HsO, and 0.0166 gm. ash. 

0.1996 “ ; (Kjeldahl) 4.45 cc. 0.1 n acid. 
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0.2995 gm. substance : (fusion) 0.0704 gm. MgiPjOT. 

0.2 gm. dissolved in glacial acetic acid. 

5 cc.; (Kjeldahl) 1.50 cc. 0 1 n acid. 

2 : (Van Slyke) 1.51 Na at 22^0., 765.2 mm. 

Amino Na _ 

Total Ni 100 
Containing stearic acid. C 67.36, H 10.05, N 2.91, 
‘‘ palmitic acid. 55.58, “ 9.80, 3.06, 

Found. No. 395. C 56.37, H 9.94, N 3.12, P 6.55, ash 15.54. 

Amino Na _ 100 
Total Nt ” loo 


Calculated. Lysocephalin. 


P 6.44. 
6.84. 


Three other samples of crystalline lysocephalin obtained from 
different preparations analyzed as follows: 

No. 350 C 56.55, H 10.27, N 3 10, P 6.49, ash 15 40. 

“ 395 B. 56 33, 9.9, 3.08, 6.50, “ 15.55. 

“ 539. 56 38, 10 00, 2 99, 6 49, “ 14.45. 

Lysocephalin is a gleaming white powder, showing no tendency 
to absorb moisture on exposure to the air. From chloroform, it 
crystallizes in flat, rather transparent needles. It is dfficultly 
soluble in glacial acetic acid and in hot pyridine. When pure, it 
is almost insoluble in chloroform and insoluble in ether and ace- 
tone. It may be dissolved in hot absolute methyl alcohol, from 
which it precipitates crystalline on the addition of water. With 
water it forms an emulsion, which dissolves immediately on the 
addition of sodium hydroxide. Acidification, however, causes 
the instantaneous formation of a very stiff colorless gel. 

When heated, for a melting point, No. 395 softened slightly 
above 140°C., melting at 198°C. After cooling and remelting, 
it again softened and melted sharply at 203-~204°C. Recrystal- 
lized from pyridine it melted sharply at 212-213°C. 

Owing to its insolubility its rotations in pyridine solution and 
in chloroform solution could not be taken. 

In glacial acetic acid its rotation was 

+0.20^X100 


1X10 


+ 2 . 0 ^ 
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Fatty Acids of LysolecUhin. 

20 gm. of lysolecithin were heated in an autoclave at 105° with 
3 per cent H2SO4. The hydrolysis of this substance was effected 
with greater difficulty than in the case of lysocephalin, and was 
complete only after 8 hours. The fatty acids were filtered, dis- 
solved in ether, and thoroughly washed. A yield of 10.0 gm. 
of crude material was obtained, which melted at 57°C. From these 
acids the methyl esters were prepared and the latter were frac- 
tionated by distillation at a pressure of 0.7 mm. 

The esters were saponified, and analyses, melting points, and 
molecular weight determinations were made on the free acids in 
the manner described in previous publications.*^ 

No. 561. 

0.1000 gm. substance: 0 2756 gm. CO 2 and 0 1114 gm. H 2 O. 

0 7913 “ “ required for neutralization 6.1 cc. 0.5 n NaOH. 

No. 562. 

0 1006 gm. substance: 0 2772 gm. CO 2 and 0 1130 gm. H 2 O. 

0.9032 required for neutralization 6.6 cc. 0.5 N NaOH. 

No. 563. 

0.997 gm. substance: 0 2770 gm. CO 2 and 0.1156 gm. H 2 O. 

0.8355 required for neutralization 5.9 cc. 0.5 K NaOH. 

No. 564. 

0 1002 gm. substance. 0.2794 gm. CO 2 and 0 1152 gm. H 2 O. 

0 7182 ** ** required for neutralization 5 05 cc. 0.5 N NaOH. 


TABLE II. 

Nos 561 and 562 were the redistilled fractions of the lowest boiling fraction. 



No. 

Boiling point 
of ester 

Analysis of acid 

Molecular 
eight 
of acid 

Melting 
point of 
acid 


at 0 7 mm 

C 

H 

Found. 

561 

“C. 

140-145 

75 15 

12 47 

259 

"C 

62 

u 

562 

146-150 

75 14 

12 56 

273 

58-59 

li 

563 

153 

75 76 

12 97 

282 

65-66 

it 

564 

156-160 

76.03 

12 88 

284 

70-71 

Calculated. C 16 HJ 2 O 2 . . . . 

74 92 

12 58 

256 

63 


CisHsaOi 

75.98 

12 76 

284 

71 


7 Levene, P. A., and Rolf, I. P., Biol. Chem., 1921, xlvi, 363; 1922, li, 
507. 
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FaUy Acids of Lysocephalin. 

20 gm. of lysocephalin were hydrolyzed, esterified, and frac- 
tionated in the same manner as was lysolecitiun. Hydrolysis 
was complete in 4 hours. 10 gm. of the crude fatty acid were 
obtained, melting at 61-62°C. 

Three fractions were obtained, of the characteristics described 
below. 

No. 551. 

0.1003 gm. substance: 0 2792 gm CO 2 and 0.1162 gm. H 2 O. 

0.8221 “ required for neutralization 5.85 cc. 0.5 N NaOH. 

No. 552. 

0 1003 gm. substance* 0 2798 gm. CO 2 and 0.1156 gm. H 2 O. 

0.8658 “ ‘‘ required for neutralization 6.10 cc. 0.5 n NaOH. 

No. 553. 

0.1001 gm substance* 0 2781 gm CO 2 and 0 1130 gm. H 2 O. 

0 8739 required for neutralization 6.15 cc. 0 6 n NaOH. 


TABLE III 



No 

Boiling point 
of ester 

Analysis of acid. 

Molecular 
weight 
of acid 

Molting 
point of 
aoid 


at 0 7 mm 

C 

H 

Found. 

551 

“C 

150-152 

75 90 

12 96 

280 

•c. 

65 


552 

152-155 

76 03 

12 98 

283 

69 2 

u 

553 

155-158 

75 76 

12 63 

284 

70-71 

Calculated C 16 H 32 O 2 . 

74 92 

12 58 

256 

63 


Ci8H8602 

75 98 

12 76 

284 

71 


Dissociation Constants of Lysolecithin and Lysocephalin. — Lyso- 
lecithin and lysocephalin were titrated potentiometrically and 
their dissociation constants calculated in accordance with the 
formulas given below*. Each sample was dissolved in the req- 
uisite amount of acid or alkali and diluted to the concentration 
designated. The pH was determined with the apparatus pre- 
viously described.® 

When titrating with a strong base the formula 


is used. 


pKj = pH+log? 

B' 


• Simms, H. S., J. Am. Chem. Soc.^ 1923, xlv, 2603. 
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When titrating with a strong acid the value is determined by 
the formula 


where, 


pKi « pH H- log 


1 - A 


®'=i 

OH 

Equivalents of acid or base added, corrected 


C 

for acid or base required to bring water to 

A' ^ 

H 

the same pH (assuming complete ionization 

=c 

C 

of the strong acid or base). 

B = Molar concentration of base added. 

A = 

it 

“ acid “ 

C - 

it 

“ substance. 

H = 

it 

“ ‘‘ H+ions. 

OH - 

a 

“ OH~ ons. 


TABLE IV. 
Lysolect thirty pKi, 


C 

A 

C 

1 

pH 1 

1 

H 

C 

A' 

1 A' 

rrx- 

pKi 

K» 

0 050 

0 500 

1 

1 70 

0 400 

0 100 

-0 95 

0 75 

0 18 

(0 05) 

(0 90) 

1 45 

0 71 

0 19 

-0 63 

(0 82) 

(0 15) 

0 050 

1 000 

1 39 

0 814 

0 186 

-0 65 

0 74 

0 18 

Probable value. 

0 75 

0.18 


TABLE V. 

Lysolecithiriy pKi ypKw is taken as 13 77) 


c 

B 

c 

pH 

pOH 

OH 

C 

B 

, l-B’ 

pK2 

K2 X 10*» 

0 100 

0 500 

11.74 

2 03 

0 093 

0 407 

+0 16 

11 90 

1 26 

0 100 

1 200 

12 32 

1 45 

0 355 

0 845 

~0 73 

(11 6) 

(2 6) 

0 050 

0 600 

11 37 

2 40 1 

0 079 

0.521 

+0 04 

(11 4) 

(4) 

0 050 

0.800 

12 00 

1 77 

0 340 

0 460 

-0 07 

11 93 

1.18 

0 050 

0 200 

11 13 

2 64 

0 046 

0 154 

4-0 74 

11 87 

1 35 

Average of best values 

11.90 

1 26 


Lysocephalin, pK 

Due to the immediate formation of a gel in acid solution,* 
the value of the lower pK could not be accurately determined. 

• The rapidity with which lysocephalin forms a gel is quite remarkable. 
When a cold solution of this substance is quickly mixed with dilute acid a 
solid gel is formed in a fraction of a second. 
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An approximate value was obtained from the pH value of such 
a gel containing 0.9 equivalent of acid. This value was obtained 
colorimetrically by the drop method and is only approximate. 

pH = 2.5, log = + 1.0, pKi = 2.5 + 1.0 = 3.5 
Ki = 3 X (approximate). 

TABLE VI. 

LysocephahUf pK^ (C 0 05 molar.) 


B' 

pH 

, i-Bv 
log 3, 

pKt 

K 2 X 10»o 

Hemarks 

0 90 

10 6 

1 0 

9 6 

2 5 

pH value not definite. 

0.95 

10 6 

1 3 

9 3 

5 

H ll H 

0 95 

10 5 

1 0 

9 5 

3 

“ determined on hot 
solution. 

Average 


9 47 

3 4 



TABLE VII 
Summary of Results 



pKi 

pKj 

X 

0 

KzXlO” 

Isoelectric 

range 

Isoelec- 

tric 

point. 

Lysolecithin 

Lysocephalin 

0 75 

(3 5) 

11 90 

9 47 

18 

0 03 

0 13 
34 

2 75-9 90 

5 5-75 

6.33 

6 5 


Each of these compounds has two pK values. One pK cor- 
responds to the dissociation constant of the free acid group of the 

phosphoric acid radical. The other corresponds to where 

Kw equals the dissociation constant of water and K}, equals that 
of the basic group (in the amino ethanol or choline). 

Hemolytic Action of Lysolecithin and Lysocephalin . — Through 
the kindness of Dr. Hideyo Nogouchi, the hemolytic activity of 
samples of lysolecithin and lysocephalin toward horse cells was 
tested. While in both substances this quality was of the same 
order of magnitude, lysolecithin showed an activity three times 
as great as lysocephalin, as shown by the protocol given below. 


The solutions used were 
No. 1. 

0.100 gm. lysolecithin dissolved m 10 cc. methyl alcohol. 
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No. 2. 

0.100 gm. lyBolecithin suspended in 10 cc. H 2 O containing one equivalent 
of NaOH. 

No. 3. 

0.100 gm. lysocephalin suspended in 10 cc. methyl alcohol. It remained 
practically undissolved. 

No. 4. 

0.100 gm lysocephalin dissolved in 10 cc. H 2 O containing one equivalent 
of NaOH. 


TABLE Vin. 


Dilution. 

LyBolecithin. 

Lysocephalin. 

No 1 

No 2 

No 8 

No. 4 

Undiluted. 

C. H. 

C. H. 

SI. H. 

C. H 

1:10 





0 1 cc. 

C. H. 

C. H. 

NoH. 

C. H. 

1:100 





0 7 cc. 

C. H. 

C. H 


C. H. 

0 5“ 

« 1 

it 


it 

0 3“ 

it 

a 


Almost C. H, 

0 2“ 

it 

a 


SI. H. 

0 1 “ 

ti 

ti 


No H. 

1:1,000 





0 7 cc. 

No H. 

No H. 


t 


C H. = complete hemolysis, SI H, = slight hemolysis; No H. « no 
hemolysis. 









A METHOD OF DETERMINING THE BIOLOGICAL VALUE 

OF PROTEIN. 

By H. H. MITCHELL. 

{From the Department of Animal Husbandry, University of Illinois, Urbana.) 

(Received for publication, November 19, 1923.) 

Probably the most direct method measuring the degree to 
which the animal body utilizes dietary protein for those pur- 
poses for which this class of nutrients alone can serve is by 
means of a study of the nitrogenous metabolism under certain 
definite conditions. These conditions are: first, that in so far 
as possible the diet contains only that protein or mixture of pro- 
teins which it is desired to investigate; second, that in so far as 
possible the diet contains no non-protein nitrogenous substances 
except those present in the food under investigation; and, third, 
that the food intake be so adjusted as to composition and amount 
that dietary protein will not be used as a source of energy except 
in so far as such disposition is conditioned by incomplete utiliza- 
tion for the maintenance of the nitrogenous integrity of the tis- 
sues, for their growth, or for the elaboration of milk. It would 
seem to be legitimate to investigate the value of a food in covering 
the body’s requirements for nitrogen, even though a considerable 
fraction of the nitrogen content of the food is in non-protein forms. 
The biological value obtained in such a case should, of course, 
refer to the total nitrogen of the food, not to its total protein. 

However, even when these conditions are satisfactorily met, 
the interpretation of the data of the nitrogenous metabolism rela- 
tive to the purpose for which they have been obtained is not 
simple, being complicated by the fact that both urinary and fecal 
excretions contain nitrogen resulting from tissue catabolism 
or imavoidable tissue wastage, as well as the nitrogen resulting 
from the incomplete digestibility or the subsequent incomplete 
utilization of the dietary protein. Since it is the purpose of the 
experiment to measure the wastage of dietary nitrogen in diges- 

873 
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tion and metabolism, the body^s contribution of nitrogen to the 
urinary and fecal excretions must be assessed. Unfortunately, no 
direct method is available, so that indirect methods, admittedly 
of uncertain accuracy, have been used. It will be the purpose 
of this paper to consider critically the validity of these indirect 
methods, utilizing for this purpose metabolism data obtained on 
rats in the Nutrition Laboratory of the Unitersity of Illinois. 

Since the conviction is often expressed that accurate results on 
the nitrogenous metabolism of small animals, such as rats, cannot 
be obtained, it seems advisable to describe the method used in 
this work and to give the results of the many rigorous tests of 
its accuracy performed in this laboratory. As a result of these 
tests, the conclusion seems warranted that the method possesses 
a high degree of accuracy. 

A Method for Nitrogenous Metabolism Investigations on Rats, 

The rats were placed in large crystallizing dishes measuring 
190 mm. in diameter and 100 mm. in depth. Weighted wire 
eovers were placed on top. The food crucibles were held in wire 
frames suspended from the covers. Distilled nitrogen-free water 
was provided by an inverted bottle or test-tube supported on 
the wire cover with its bent glass tube projecting into the dish. 
On the floor of the dish two or three layers of filter paper, cut to 
fit the dish closely, were placed to absorb the urine, A unit of 
ten of these metabolism dishes may be kept in a two-shelf box 
with a wire screen back and screen doors in front to permit efficient 
ventilation and to exclude the possibility of error from the pres- 
ence of flies or wild mice. Proper ventilation of these dishes 
may be insured by the use of an electric fan. 

All the rations used were mixed thoroughly in the wet, gener- 
ally steam-cooked, except for the vitamin preparations which were 
added later, spread out in thin layers on glass plates, and dried 
on steam radiators at low temperatures or before a blast of warm 
air. They were then broken up, ground fine in the laboratory 
mill, dried for several days in an oven at 40~50°C., and analyzed 
for total nitrogen. 

In practically all the experiments to be reported the metabolism 
periods were of 1 week duration, during which time the urine 
and feces were collected daily. In changing from one ration io 
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another at least 3 days elapsed before urine and feces were again 
collected and analyzed. Body weights were taken at the be- 
ginning and end of each balance period. 

The food was weighed out each day into the crucibles and 
mixed with a little water to a thick consistency to prevent scatter- 
ing. The next day any residue left was scraped out and dried 
in the same oven and at the same temperature as the original 
ration. The food residues for each week were weighed after 
several days drying, and the weight was subtracted from the 
total food weighed out to determine the food consumed per week. 
By several tests, it was shown that the error introduced into 
this determination, due to a possible difference in moisture con- 
tent of the original ration and of the residues, was less than 1 
per cent. It was also determined that the percentage of nitro- 
gen in these food residues was identical with that of the ration 
from which they were taken. 

Urine and feces were collected daily. The feces were pre- 
served under 95 per cent alcohol, containing 10 per cent thymol, 
or in the later experiments, a few drops of sulfuric acid or hydro- 
chloric acid. The dish and paper of each rat were washed 
thoroughly with boiling water, acidified strongly with sulfuric 
(or hydrochloric) acid. About 250 cc. of wash water in four 
to six portions were used on each dish. The washings were fil- 
tered through glass-wool into 250 cc. volumetric flasks, which 
were then cooled in the ice box overnight. The next day they 
were made up to the mark at ice box temperature and emptied into 
2.5 liter bottles in which the weekly composite samples were kept. 
The bottles contained crystals of thymol and were kept in a cold 
storage room imtil analyzed. Samples of 50 to 250 cc., measured 
out in the cold, were analyzed for total nitrogen. 

The week^s collection of feces was digested with sulfuric acid, 
mercury, and potassium sulfate until completely oxidized. The 
residue was then transferred to a volumetric flask, and aliquots 
were taken for distillation. 

The accuracy of the method used in determining the excretion 
of nitrogen in the urine was the subject of considerable study, in 
part because the determination of the biological value of protein 
is so largely dependent upon an accurate estimation of the urinary 
nitrogen, and in part because the results of metabolism experi- j 
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ments on small animals tire so frequently discounted by the belief 
that accurate balance data on such subjects cannot be expected, 
possibly because of the small amounts of nitrogen involved. 

The filter paper used to absorb the urine was found to contain 
only small amounts of nitrogen, one piece of the size used in the 
metabolism experiments containing about 0.4 mg. of nitrogen. 
Since two pieces were used generally in each dish per day, the 
error thus contributed amounted to 0.8 mg. at most. In so far 
as this was insoluble in dilute acid, it would not affect the results 
one way or the other. In so far as it was soluble, it would dimin- 


TABLE I 

Completeness of Extraction of Urinary N from the Filter Papers Used as 

Absorbents* 


Total urinary nitrogen 
determined 

Extractable nitrogen remain- 
ing in paper residues 

Error 

mq. 

mq 

per cent 

918 

26 

2 8 

913 

25 

2 7 

826 

16 

2 0 

860 

15 

1 7 

627 

10 

1 6 

619 

8 

1 3 

551 

14 

2 5 

576 

14 

2.4 

567 

8 

1 4 

398 

8 

2 0 

181 

2 5 

1.4 

174 

2 5 

1.4 


* Results expressed m mg. per week. 


ish the error due to the incomplete extraction of the urinary 
nitrogen from the filter paper. 

The completeness of extraction of urine from the filter 
paper by the 250 cc. of hot dilute acid used was determined by 
saving the paper residues from several balance periods, extracting 
each with 2 or 3 hters of boiUng water, acidified with sulfuric acid, 
filtering, evaporating the extract to a small volume, transferring 
to a Kjeldahl flask, and determining nitrogen in it. The results 
thus obtained compared with the quantities of urinary nitrogen 

determined in the corresponding balance periods are riven in 
Table I. n, ^ 
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The error due to the retention of urinl^y the filter paper resi- 
dues is evidently negligible in biological whrk. 

A more thorough test of the method of Sheeting urines was 
made by adding known amounts of urea to a ration, the contri- 
butions of which to the urinary and fecal nitjrogen had been 
determined in two preceding periods. The completeness of recov- 
ery of the urea was then determined. The subjects of this test 
were two rats which had been on a yeast ration for 2 weeks. Fol- 
lowing two balance periods on this ration, definite volumes of a 
standard solution of urea (Kahlbaum) were added to each day's 
portion of food. As in the preceding tests, the residues of each 
day's food were collected, dried, and weighed. In this test they 


TABLE II 

Recovery of Urea Fed in Urine Collected * 


Rat No 

Average 

body 

weight 

Period 

Pood 

intake 

Food 

nitrogen 

Urea 

nitrogen 

added 

Urinary 

nitrogen 

Feoal 

nitrogen 


gm. 


gm 

mo 

mg 

mg. 

mg. 

24 

97 

10 

41 7 

365 

0 

217 

97 


101 

11 

47 7 

417 

0 

226 

113 


105 

12 

49 1 

430 

no 

353 

143 

25 

61 

10 

36 1 

316 

0 

202 

64 


62 

11 

45 7 

I 400 

0 

216 

125 


64 

12 

35 3 

1 309 

85 

289 

105 


* Results expressed on weekly basis. 


were analyzed for nitrogen also. 2 days after the addition of 
urea to the food, the collection of urine and feces began and con- 
tinued for a week, with the results shown in Table II. 

Comparing Periods 11 and 12 for Rat 24, during which com- 
parable amounts of food were consumed, the addition of 110 
mg. of urea nitrogen per week to the yeast ration caused an in- 
crease of 127 mg. in the excretion of urinary nitrogen as deter- 
mined by the method imder examination. Similarly, with Rat 
25, comparing Periods 10 and 12, an addition of 85 mg. of urea 
nitrogen to the week's rations raised the urinary excretion of 
nitrogen 87 mg. In both cases, the addition of urea to the ration 
seemed to depress the digestibility of the yeast protein. The 
results, however, seem to indicate that the added urea was quanti- 
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is of the filter paper used to ab- 


icuracy of the determinations of uri- 
•erence is made to a paper by Nevens, 
atory (1). These tests indicate errors 
in the extraction of urine nitrogen from 
'also indicate clearly that no losses of nitro- 
to 48 hours due to bacterial decomposition 
eces exposed in open dishes even at a tempera- 


'DeterminaMm of the Amount of Fecal Nitrogen Derived from 
the Body^ the So Called Metabolic Nitrogen of the Feces. 

The ‘^biological value^' of a protein, as the term was applied 
originally by Karl Thomas, referred to the utilization by the 
body of the products of protein digestion. The biological value 
was expressed as the percentage of the absorbed nitrogen which 
was retained by the body for repair or the construction of nitrog- 
enous tissue. Hence, differences in digestibility of different 
proteins did not affect their biological values. 

The determination of the amount of protein digested and ab- 
sorbed from a given protein intake is complicated by the diffi- 
culty of distinguishing between fecal material derived from the 
food and that derived from the intestinal tract and its secretions. 
Obviously, only the former should be deducted from the protein 
intake to obtain the amount of protein absorbed. While various 
methods have been devised for making this separation of fecal 
nitrogen by digestion of the feces with enz 3 nnes or special solvents, 
the assumptions upon which such methods have been based are 
not particularly convincing and the technique involves condi- 
tions of time and temperature quite arbitraiily imposed. Thomas 
preferred to measure the so called “metabolic nitrogen^ ^ of the 
feces by the daily fecal excretion of nitrogen from a diet practi- 
cally free of this element, and more recently Martin and Robison 
(2) have accepted this procedure in their own calculations. The 
assumption has been, however, that the excretion of metabolic 
nitrogen is constant regardless of the amount of food consumed, 
though the latter investigators were fully aware of the fact that 
the composition of the diet, in particular its content of indiges- 



H. H. MitcheU 


879 


tible material, may greatly affect the excretion of metabolic prod- 
ucts in the feces. They believe that the determination of the 
metabolic nitrogen of the feces is the factor limiting the accuracy 
of biological values of protein by the method of Thomas. 

That the amount of roughage in the diet is a factor determining 
the amount of metabolic nitrogen appearing in the fecal excretion 
is demonstrated by some results obtained with foim rats of the 
same litter subsisting on a ration containing 15 per cent of butter 
fat, 14 per cent of lard, 66 per cent of starch, 4 per cent of inor- 
ganic salts, and 1 per cent of an alcohol extract of carrots as a 
source of vitamin B. Starting on the 4th day of feeding, the 

TABLE ra. 


Effect of Roughage on the Amount of Metabolic Nitrogen in the Feeee. 


Rat No 

Initial 

weight 

i 

Final 

weight 

Food 
eaten per 
day 

Urinary 
nitropn 
per day 

Fecal 
nitrofl^n 
per day 

Feoal nitrogen per 
100 gm. food. 

With 

filter 

paper. 

Without 

filter 

paper. 


gm 

gm 

gm 

mi 

mi 

mg 

my. 

1 

91 

86 

4 84 


6 0 


124 


86 

79 

4 43 

11 7 

7 9 

180 


2 

88 

82 

4 26 


4 7 


111 


82 

79 

4 21 

9 8 

6 9 

164 


3 

99 

95 

4 94 


6 4 


130 


95 

90 

5 16 

11 2 

8 2 

159 


4 

97 

90 

4,44 


5 5 


123 


90 

86 

' 4 21 

12 3 

8 0 

191 


Average 

173 

122 


feces were collected for the succeeding week during which time 
the rats had no access to filter paper. Following this period 
was one in which the same ration was iised, but in which the rats 
had free access to filter paper and actually consumed some of it. 
In the latter period the urine was also collected and analyzed 
for nitrogen. The essential figures are given in Table III. 

Dmring the periods in which filter paper was consumed, the 
fecal niti^gen in all cases increased, the increase in the average 
amoimting to 42 per cent. Therefore, if the fecal excretion on 
a nitrogen-free diet is to be taken as the measure of the excretion 
of metabolic nitrogen in the feces of subsequent feeding periods 
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urtth diets containing protein, it would be advisable to equalize 
the crude fiber content of the non-nitrogenous and nitrogenous 
diets. However, in the metabolism experiments with rats, a 
variable consumption of the filter paper used for the collection 
of urine occurred in all periods, so that equalizing the crude fiber 
content of the experimental rations would not serve its purpose. 
An unavoidable error enters into the method here, but is not 


TABliE IV. 

Influence of the Amount of Food Consumed on the Excretion of F ecal Nitrogen 
with Rations Practically Nitrogen-Free, 


Rat No. 

Average 

Daily food 
intake 

Daily 

excretion of 

Daily excretion of fecal 
nitrogen 

weight 

urinary 

nitrogen 

Total. 

Per gm. of 
food 


Om 


mg 

mg 

mg. 

\ 

218 

11 32 

24 5 

24 3 

2 15 

1 

213 

7 38 

28 6 

18 3 

2 48 

2 

266 

14 24 

26 6 

35 5 

2 49 


257 

8 67 

37 7 

21.7 

2 51 

3 

162 

10 41 

13 2 

18.9 

1 81 


1 156 

6 00 

22 2 

11.3 

1 88 

4 

145 

9 61 

12 9 

21 0 

2.19 


139 

6 00 

17 4 

11 3 

1.88 

5 

149 

8 73 

21 0 

15 6 

1 78 


143 

5 93 

22 0 

10 7 

1.78 

6 

69 

5 00 

8.3 

9 5 

1 90 


65 

3 60 

9 3 

5 5 

1 53 


thought to be serious, since an underestimation of the metabolic 
nitrogen in a period of protein feeding would lead to an over- 
estimation both of the food nitrogen retained in the body and of 
the absorbed nitrogen, the numerator and the denominator, re- 
spectively, of the fraction determining the biological value sought 
after. 

It may be readily demonstrated that the excretion of nitrogen 
in the feces on diets containing minimal amounts of nitrogen 
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(0.04 to 0.08 per cent) varies directly with the amount of food 
consumed. The experimental results in Table IV bear on this 
point. 

Six rats of different weights were fed ad libitum on a nitrogen- 
free ration. After a preliminary period of 3 days, the urine and 
feces were collected quantitatively for 7 days. At the end of this 
time the food intake was restricted to an amount corresponding 
to their energy requirement for maintenance as previously de- 
termined. A 7 day collection period at this lower level was then 
run, with no transition period. The average daily fecal nitrogen 
dropped in all cases in the second period, and, as the last column 
of figures shows, the decrease was closely proportional to the 
decrease in food consumed for three of the rats; while the relation 
was not so close for the other three rats, the divergence from a 
linear relation might well be due to the variation to be expected 
in biological experiments. 

From these and many similar results we have concluded that 
the best and most practicable method of estimating the metabolic 
nitrogen in the feces of rats on an experimental ration containing 
protein is to determine in a period of feeding a non-nitrogenous 
ration, the excretion of fecal nitrogen per gram of food consumed, 
and to apply this figure to the amount of protein-containing 
food consumed in subsequent experimental periods. While 
many objections may be raised to this procedure, it seems to be 
the best method available, and should be judged, not by the 
errors theoretically possible, but by the consistency and plausi- 
bility of the results obtained. 

Six rats of widely differing weights were fed for several months 
on amounts of food just sufficient to maintain constant weight. 
The protein in the rations fed during this time was derived en- 
tirely (except for unavoidable impurities in the starch, sugar, 
butter fat, and small concentrations of the vitamin B preparation 
of Osborne and Wakeman) from a mixture of com and tankage in 
the proportion of 85 parts of the former to 15 parts of the latter. 
The level of protein intake was varied by diluting this mixture 
of com and tankage with varying amounts of a ration complete 
in every respect except for the entire absence of protein. From 
the different periods of this experiment, which was carried out 
with another object in view, it is possible to pick out periods in 
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which all the rats were consuming practically the same amouijtt 
of this constant source of protein. These periods varied in length 
from 7 to 20 days. The data pertaining to the digestibility of the 
rations during these periods are given in Table V. 

The estimates of the metabolic nitrogen in the feces given in 
Column 6 were obtained from the fecal nitrogen excreted on like 
amounts of a protein-free ration (see Table IV, the second period). 

Due to the inconstant proportion of metabolic nitrogen in 
the fecal nitrogen excreted by these rats, the coefficients of ap- 
parent digestibility vary from 51.7 for the heaviest rat to 77.0 

TABLE V. 

Digestihihiy of the Proteins of a Ration of Corn and Tankage hy Rats of 
Different Weights. Result of Correcting the Digestibility for the 
Metabolic Nitrogen of the Feces 


Rat No 

Average 

weight 

Daily 
food con- 
sumption 

Daily 
intake of 
nitrogen 

Daily fecal 
nitrogen 

Estimated 
metabolic 
nitrogen 
in feces 

Percentage digest!* 
bility of protein. 

TJncor- 

reoted 

Cor- 

rected. 


om 

gm 

mg 

mg. 

mg. 



2 

262 

8 70 

56 9 

27 6 

21 7 

51 7 

89 6 

1 

213 

7 50 

60 0 

23 1 

18 3 

61 5 

92 0 

3 

155 

6 00 

62 6 

18 1 

11 3 

71 0 

89,1 

4 

145 

6 00 

62 6 

19 0 

11.3 

69 6 

87.7 

5 

145 

6 00 

62 6 

20 9 

10.7 

66.6 

83.7 

6 

57 

3 60 

55 1 

12 7 

5 5 

77 0 

86,9 


for the lightest. When allowance is made, however, for the 
body nitrogen exct’etea in the feces, the digestibility thus corrected 
ranges only from 83.7 to 92,0 per cent, with no obvious relation 
to body weight. 

Practically the same situation is shown with three other rats 
placed successively on rations containing approximately 5 and 
10 per cent of com protein. The metabolic nitrogen in the feces 
was measured in a following period on a nitrogen-free ration. 
The data on digestibility are summarized in Table VI. 

The uncorrected coefficients are evidently seriously vitiated 
by varying proportions of body nitrogen in the feces. When 
the amounts of nitrogen of intestinal origin are estimated by the 
total fecal nitrogen excretion on nitrogen-free rations, and these 
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TABLE VI. 

Digeatihility of the Proteina of Corn at Different Levels of Intake^ Corrected 
and Uncorrected for the Metabolic Nitrogen of the Feces. 


Rat No. 

Rrotein. 

Concentration 

(approximate). 

Digeatibility m protein. 

Unoorrected. 

Corrected. 



per cent 

per cent 

percent 

60 

Corn, 

5 

66 6 

90.8 


tt 

10 

79.7 

92 1 


it 

10 

77.8 

90.2 

61 

it 

5 

66 7 

89 8 


\ u 

5 

64 4 

87 5 


it 

10 

80 9 

92.7 


it 

10 

80 5 

92 3 

'■62 

it 

5 

67 7 

87 9 


a 

10 

80 6 

90 9 


it 

1 

10 

76 8 

87.2 


TABLE vn. 

Digestibility of Protein for Rats. 

In oonoentrations of appronmatelylS per cent ooncentrat.onarf approximately 


No of rats 

i 

! 

*o 

. d 

52; 

Kind of protein 

Disesti- 

bility 

No of rata 

No of penods 

Kind of protein. 

Di^ti> 

bmty. 

Uncorrected 

Corrected 

Unoorrected. 

Corrected. 

6 

9 

Beef protein. 

75 

94 

2 

5 

Beef protein. 

88 

99 

5 

10 

Milk 

76 

97 

5 

10 

Milk 

83 

95 

7 

22 

Casein. 

74 

93 

3 

26 

Casein.* 

83 

90 

3 

4 

Lactalbumin. 

76 

92 






4 

13 

Yeast protein. 

59 

78 

5 

20 

Yeast protein. 

63 

76 

4 

12 

Soy bean ** 

72 

91 

4 

28 

Soy bean “ * 

77 

84 

11 

22 

Com 

73 

95 

12 

20 

Corn 

81 

94 

6 

12 

Oats 

70 

90 






6 

12 

Rice ** 

77 

96 






5 

9 

Potato ‘‘ 

59 

78 

5 

15 

Potato protein. 

79 

89 

6 

11 

Navy bean 

61 

76 

5 

13 

Wheat 

79 

94 


' These rations contained approximately 15 per cent of protein. 
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estimatioiis used in the calculation of true digestibility coefficients, 
closely comparable values are obtained for all periods. 

A summary of similar results for a number of different protein 
mixtures is given in Table VII. 

An apparently significant difference in digestibility of the 5 and 
10 per cent rations existed with soy bean and potato proteins. 
With the other proteins studied the differences in apparent digesti- 
bility indicated by the ordinary coefficients were practically elim- 


TABLE VIII 

Fecal Nitrogen per Gram of Food Consumed in Successive Periods of Non^ 

Protein Feeding. 


Rat No 

Length of 
period 

Average 
weight of 
rat. 

Average daily 
food intake 

Average daily 
fecal nitrogen 

Fecal nitrogen 
per day 
per gm. of 
food. 

1 

days 

om 

gm 

mg. 

mg. 

9 

4 

103 

4 82 

• 8 4 

1 75 


7 

97 

5 74 

9 8 

1 71 

11 

4 

86 

4 17 

6 6 

1 69 


4 

82 

3 90 

7 6 

1 95 

12 

7 

104 

4 85 

8 9 

1 84 


7 

97 

5 76 

9 3 

1 62 

15 

8 

100 

4 44 

8 2 

1 85 


7 

91 ! 

4 16 

8 6 

2.08 

16 

7 

104 

5 62 

9 4 

1 68 


7 

97 

4 37 

9 0 

2 07 

27 

7 

168 

10 80 

15 2 

1.40 


7 

164 

7 81 

14 6 

1 87 


mated when allowance was made for the metabolic nitrogen of the 
feces as measured by the fecal nitrogen excreted on a nitrogen-free 
ration 

Rats will ordinarily excrete from 1.5 to 3.0 mg. of nitrogen 
per gram of nitrogen-free ration consumed. There is, however, a 
great deal of variation among rats in this respect. There seems 
to be a slight positive correlation between this value and the 
weight of the rat, while if the amounts of food consumed are 
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small compared to the energy requirement of the rat, abnormally 
large values are obtained which are obviously poor indices of the 
excretion of metabolic nitrogen in the feces under normal con- 
ditions of feeding. 

The data in Table IV and those in Table VIII illustrate the 
agreement to be expected in successive periods of non-protein 
feeding. 

TABLE IX 


Fecal Nitrogen per Gram of Food Consumed in Periods of Non-Protein 
Feeding Several Weeks Apart. 


Rat No.l 

Experimental j 
period 

Average weight 
of rat. 

Average daily 
food intake 

Fecal nitrogen 
per day 

per gm of food. 



ffm. 

ffm 

mff. 

65 

1 

58 

5 77 

1.42 


10 

131 

5 80 

1.82 


15 

153 

7 26 

2 50 

66 

1 

45 

4 70 

1 52 


10 

105 

4 36 

2 20 


15 

116 

5 11 

2 11 

67 

1 

54 

4 81 

1.38 


10 

120 

5 17 

2.25 


15 

143 

6 14 

2.21 

68 

1 

58 

5 96 

1 41 


10 

• 115 

4 51 

2 63 


15 

134 

6 90 

2 62 

69 

1 

59 

5 43 

1 58 


10 

111 

5 24 

2 30 


15 

121 

7 63 

1.79 


4 





During an extended series of balance periods on the same rat, 
it is advisable to redetermine the metabolic nitrogen in the feces 
about every 6 weeks at most. At times unaccountable varia- 
tions in this value will be revealed by these repeated tests, as 
shown by the data summarized in Table IX. All collection 
periods were of 7 days duration. 

Evidently between the first and the tenth periods of this experi- 
ment a marked change in the intestinal conditions of these rats 
occurred, leading to an increased excretion of body nitrogen in 
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feiie feces. In using such results for the estimation of metabolic 
fecal nitrogen in the intervening eight periods it is necessary to 
assume a linear increase with time from the low level of excretion 
of the first period to the high level of the tenth period. From 
the tenth to the fifteenth experimental period, this high level 
was maintained well for three of the five rats. 

Determination of the Amount of Urinary Nitrogen of Body 

Origin, 

Having obtained a value for the absorbed nitrogen from a 
given nitrogen intake, the next step in measuring the biological 
value of dietary protein is to determine how much of the absorbed 
nitrogen is retained in the body. For most purposes it is suffi- 
cient to determine how much of the absorbed nitrogen is excreted 
in the urine, since the excretion of nitrogen by other paths is 
insignificant. The determination of the amount of nitrogen 
resulting from the catabolism of end-products of digestion of 
dietary protein is complicated by the fact that the urine is known 
to contain nitrogenous substances resulting from the catabolism 
of body tissues, as well as nitrogenous end-products of the catab- 
olism of dietary protein. Since the nitrogenous end-products 
of these two types of catabolism, the ^^endogenous^^ and ‘^exogen- 
ous^' catabolism of Folin, are not to be clearly distinguished 
chemically they must obviously be determined by an indirect 
method. 

The only conceivable indirect method of measuring the urinary 
nitrogen of endogenous origin is to eliminate entirely the exog- 
enous catabolism by the feeding of a nitrogen-free diet, and 
insuring that enough of such a diet is consumed to provide suffi- 
cient energy for the requirements of the experimental animal, 
thus preventing the oxidation of body tissue for this purpose 
with its inevitable loss of body nitrogen not properly included in 
the endogenous nitrogen that it is desired to measure. Thomas, 
and more recently Martin and Robison, have used this method 
of measuring the endogenous nitrogen excreted in the urine. In 
applying the values thus determined to the interpretation of 
balance data obtained in subsequent periods during which diets 
are consumed containing the protein whose biological value it is 
desired to measure, an assumption is introduced the justification 
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for which is purely theoretical. This assumption is to the effect 
that the catabolism of body substances containing nitrogen^ 
occurring during the feeding of nitrogen-free diets, continues at 
a constant level when protein feeding is resumed. The assump- 
tion conforms with Folin’s theory of protein metabolism, but the 
experimental data of Folin prove simply that the excretion of 
creatinine is constant. Since this substance seems to contain 
only 20 per cent or less of the urinary nitrogen excreted on a 
nitrogen-free diet, the theory of a constant endogenous catabolism 
of nitrogenous substances is not particularly convincing and in 
many quarters seems to have been discarded entirely. 

In another publication (3) the author has discussed critically 
the theories on this subject, and, on the basis of analyses of the 
tissues of rats that had subsisted for some considerable time on 
a nitrogen-free dietary as compared with analyses of the tissues 
of other rats not so treated, has advanced a theory of endogenous 
catabolism supplementary to that of Folin and agreeing with it 
in postulating a constant breakdown of nitrogenous constituents 
of the tissues regardless of the amount or character of the pro- 
tein fed. However, the method of measuring the biological 
value of proteins by the method associated with the name of 
Thomas, cannot be justified or refuted by theoretical discussion. 
The question can be settled only by experimental inquiry. 

There seems to be no obvious method of settling directly or 
finally the question whether, during a period of protein feeding, 
the contribution of the tissues to the urinary nitrogen is the same 
as the total urinary nitrogen excreted on a protein-free ration; 
nor on more careful consideration has such a method occurred 
to the author. It is possible, nevertheless, to throw some light 
on this question in a more or less indirect way. 

If the theory of Sherman as to the nature of the endogenous 
catabolism (4) is correct, or if the views of Osborne and Mendel 
(6) conform with the facts, then no constant basal catabolism 
of body tissue exists. According to these theories, the endogenous 
catabolism would be largely or entirely suppressed when an ani- 
mal is receiving protein in its food, either because of a retarda- 
tion of the hydrolysis of tissue protein caused by the mass action 
of the amino-acids conodng from the digestive tract, or because 
of the complete suppression of the hydrolysis of tissue protein, 
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imtiated, in the absence of amino-acids of dietary origin, by the 
urgent need of the body for certain nitrogenous hormones; with 
the influx of amino-acids from the intestinal traurt, exogenous 
precursors of these hormones become available, and the endog- 
enous catabolism is reduced to the inevitable destruction of the 
hormones themselves in the course of general metabolism. It 
may be expected, therefore, if the endogenous catabolism is so 
readily diminished by protein feeding, that the urinary nitrogen 
excreted on a diet containing a small amount of a protein of high 
biological value would be considerably less than the urinary 
nitrogen excreted on a nitrogen-free diet. 

In order to submit this supposition to an experimental test, 
five rats were put upon a ration of very low nitrogen content 
(0.06 percent). On the 5th and 6th days of such feeding, when 
it may be supposed that the endogenous level of nitrogenous 
metabolism had been reached (3) daily collections of urine and 
feces were made and analyzed for nitrogen separately. For the 
next 3 days of the experiment, the rats were given a ration con- 
taining about 2.5 per cent of milk protein (0.399 per cent of 
nitrogen). This period was followed by a 3 day period on the 
low nitrogen ration, a 3 day period on a ration containing about 
3.0 per cent of lactalbumin (0.506 per cent of nitrogen), and finally 
a 3 day period on the low nitrogen ration. Daily collections and 
analyses of urine and feces were made throughout the experi- 
ment. The detailed data for two of the rats, which consumed 
the rations the most satisfactorily, are given in Table X, while 
the averages for all five rats are summarized in Table XI. The 
rats were litter mates and weighed very nearly the same. 

The excretion of nitrogen in the urine during the 3 days on the 
milk protein ration was at the same level as the excretion of nitro- 
gen on the last 2 days of the first period of feeding on a low nitro- 
gen ration, and somewhat greater than the level of excretion 
during the second period of such feeding. However, during the 
period of lactalbumin feeding, the excretion of urinary nitrogen was 
slightly though distinctly lower than that in either the preceding 
or the following period of non-protein feeding. 

Following the experimental feeding periods described above, 
a ration containing a little less than 6 per cent of lactabumin 
(0,928 per cent of nitrogen) was offered the five rats, but their 
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TABLE X. 

Effect of the Ingestion of Small Amounts of Milk Proteins and of Lactalhumin 
on the Endogenous Excretions of Nitrogen. 


£Jxperi> 

mental 

day 

Ration 

Rat 153. 

Rat 150. 

Weight of rat. 

1 

TJ 

1 

8 

1 

'6> 

s 

a 

0 

a 

>» 

a 

Q 

Daily urinary nitrogen. 

a 

a 

>* 

I 

Weight of rat. 

Food consumed daily. 

1 

fl 

>> 

Q 

Daily urinary mtrogen. 

Daily fecal nitrogen. 



gm 

gm 

mj 


mg 

gm 

gm 

mj 

mg. 

mg. 

5 

Low N. 

122 

5 

1 

3 

32 

13 


9 0 

5 

24 

18 

6 

a it 


5 

4 

3 

28 

18 

136 

9 4 

6 

21 

13 

7 

Milk protein. 


4 

5 

18 

23 

10 


5 7 

23 

19 

13 

8 

it it 


6 

6 

26 

24 

14 


8 0 

32 

31 

18 

9 

it it 

120 

6 

4 

26 

19 

16 

134 

7 7 

31 

21 

23 

10 

Low N. 


! 6 

3 

4 

23 

13 


7 9 

5 

20 

21 

11 

it a 


5 

0 

3 

20 

6 


7 8 

5 

15 

15 

12 

it a 

117 

5 

7 

3 

21 

11 

131 

6 3 

4 

16 

20 

13 

Lactalhumin, 


6 

0 

30 

18 

13 


8 0 

40 

13 

12 

14 

it 


7 

0 

35 

19 

11 


6 2 

31 

13 

15 

15 

it 

117 

7 

0 

35 

17 

13 

128 

7 0 

35 

13 

14 

16 

Low N. 


6 

0 

4 

22 

14 


4 8 

3 

16 

11 

17 

it a 


5 

2 

3 

17 

9 


5 8 

3 

16 

11 

18 

it it 


5 

1 

3 

16 

13 


6 2 

4 

12 

7 

19 

Lactalhumin. 

114 

7 

0 

65 

16 

10 

126 





20 

it 


7 

0 1 

65 

19 

8 






21 

it 


7 

0 

65 

23 

19 






22 

it 

119 

6 

9 

64 

29 

18 






23 

it 


7 

4 ! 

69 

31 

18 






24 

it 


4 

8 

45 

32 

14 






25 

it 

115 

5 

7 1 

53 

35 

13 






26 

it 


7 

0 

65 

34 

12 






27 

it 


6 

9 

64 

27 

19 






28 

Low N. 

119 

4 

0 

2 

35 

7 






20 

it it 


5 

9 

4 

30 

17 






30 

tt tt 


4 

4 

3 

26 

9 






31 

tt it 

116 



i 
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condition was so poor, due to the prolonged period of low protein 
feeding, that successful results were obtained with only one rat, 
No. 163. These data will be found in Table X. An intake of 
twice the amount of lactalbumin nitrogen previously given in- 


TABLB XI. 

Average Data for All Five Rats, 


Experimental 

day 

Ration 

Daily 
food con- 
sumed. 

Daily 
intake of 
nitrogen 

Daily 

unnary 

nitrogen 

Daily 

feoal 

nitrogen 

Body 
weight of 
rats 

j 


gm 

mo 

mg 

mg. 

gm. 

5 

Low N. 

7 6 

5 

24 

15 


6 

tt (< 

8 1 

5 

23 

15 

130 

Average . 

7 85 

5 

23 3 

15 4 


7 1 

Milk protein. 

5 6 

22 

20 

12 


8 

u c< 

7 6 

30 

28 

14 

128 

^ 1 

a u 

6 7 

27 

21 

21 


Average . . . 

6 65 

26 5 

23 1 

14 9 


10 

Low N. 

7 1 

4 

23 

18 


11 


6 8 

4 

19 

14 

124 

12 

it « 

6 6 

4 

18 

15 


Average . 

6 83 

4 

19 9 

15 7 


13 

Lactalbumin. 

7 6 

38 

15 

14 


14 

! 

6 5 

33 

14 

14 

122 

15 

a 

6 2 

31 

15 

12 


Average 

6 75 

34 

14 8 

13 4 


16 

Low N 

5 0 

3 

17 

12 


17 

if a 

5 3 

3 

16 

10 

120 

18 

it it 

5 7 

3 

17 

0 


Average 

5 37 

3 

16 0 

10 9 



duced a distinct rise in urinary nitrogen; a following period of 
non-protein feeding also initiated a distinct fall in urinary nitro- 
gen, though the period was too short for the excretion to reach 
the endogenous level. 

The results of this experiment are somewhat diflScult of inter- 
pretation. Certainly there is no indication that the mixed pro- 
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teins of milk had any effect in the excretion of nitrogen in the 
urine on a nitrogen-free diet. However, on the lactalbumin 
ration, a distinct drop in the excretion of urinary nitrogen oc- 
curred, though during the succeeding period of non-protein feed- 
ing, the urinary nitrogen rose only slightly on- the average, and 
to an apparently significant extent only with one of the five rats. 
The data as a whole do not indicate any marked effect of dietary 
protein on the rate of catabolism of the nitrogenous constituents 


TABLE XII 


Rat No 

Average weight of 
rat. 

Nitrogen content of 
ration 

Food consumed 
daily. 

Daily nitrogen in- 
take 

Daily urinary nitro- 
gen 

Endogenous nitro- 
gen. 

Food nitrogen in 
urine. 

Daily fecal nitrogen 

Metabolic nitrogen 
m feces. 

a 

a 

t 

Biological value of 
protein. 


Otn. 

per 

cent 

gm 

mo 

mn. 

m7. 

mg 

mg. 

mg. 

mg 

per cent 

2 

262 

0 654 

8 70 

56 9 

48 

6 

37 7 

10 

9 

27 6 

21 

7 

6.9 

79 

1 

213 

0 800 

7 50 

60 0 

40 

2 

28 6 

11 

6 

23 1 

18 

3 

4 9 

79 

3 

156 

1 043 

6 00 

62 6 

34 

5 

22 2 

12 

3 

18 1 

i 11 

3 

6 8 

78 

4 

145 

1.043 

6 00 

62 6 

33 

4 

17.4 

16 

0 

19 0 

11 

3 

7 7 

71 

5 

145 

1 043 

6 00 

62 6 

32 

8 

22 0 

10 

8 

20 9 

10 

7 

10 2 

79 

3 

158 

0 800 

6.00 

48 0 

33 

0 

22 2 

10 

8 

17 3 

11 

3 

6 0 

74 

4 

143 

0 800 

6 00 

48 0 

32 

8 

17 4 

15 

4 

18 4 

11 

3 

7.1 

62 

5 

146 

0 800 

6 00 

48 0 

30 

2 

22 0 

8 

2 

18 0 

10 

7 

7.3 

80 

1 

214 

0 654 

7.50 

49.0 

39 

3 

28 6 

10 

7 

22 6 

18 

3 

4 3 

76 

3 

156 

0 654 

6 00 

39 2 

31 

3 

22 2 

9 

1 

15 9 

11 

3 

4 6 

74 

4 

142 

0 654 

6 og 

39 2 

30 

5 

17 4 

13 

.1 

16 5 

11 

3 

5 2 

61 

5 

145 

0 654 

6 00 

39 2 

33 

6 

22 0 

11 

6 

17 0 

10 

7 

6 3 

65 

6 

60 

1 043 

3 60 

37 5 

19 

2 

9 3 

9 9 

11.6 

5 

5 

6 1 

69 


of the tissues. The diminution in the excretion of urinary nitrogen 
with succeeding periods of non-protein feeding is another phenom- 
enon that will be taken up later. 

A study of the nitrogen excretion of rats differing widely in 
weight and receiving approximately the same amounts of a con- 
stant protein mixture, may be expected to throw considerable light 
on the correctness of the assumption of a constant basal catabolkm 
of nitrogenous substances. Such an experiment has already been 
referred to on page 881, part of the data being there utilized in 
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connection with the estimation of vhe metabolic nitrogen of the 
feces. Complete balance data of those periods in which com- 
parable amounts of protein of a definite character (^m 85, tank- 
age 15) were consumed, are given in Table XII. The food intake 
of these rats was adjusted to maintenance of body weight for 
several months previous to the metabolism experiments. 

It will be noted in the three sets of data in Table XII, that, 
within each set, the daily excretion of urinary nitrbgen on com- 
parable nitrogen intakes varied with the body weights of the 
rats, the larger rats having the larger excretions. Assuming 
that the endogenous excretion of urinary nitrogen is constant for 
each rat and is equal to the total urinary nitrogen on a nitrogen- 
free diet, the figures given in Colunm 7 enable one to compute 
that fraction of the urinary nitrogen that was of dietary origin. 
These figures are given in Column 8. They are fairly constant 
except for the high figure for Rat 4, which throughout the experi- 
ment seemed distinctly and consistently less efficient in the utili- 
zation of dietary protein in metabolism than its mates. Similarly, 
the food nitrogen in the feces may be estimated from the total 
fecal nitrogen and the metabolic fecal nitrogen determined in 
a period of feeding a nitrogen-free ration (Columns 9, 10, and 11). 
Finally, the biological value of the protein. Column 12, may be 
computed according to the following illustration. Rat 2 con- 
sumed an average of 56.9 mg. of nitrogen per day in a 7 day col- 
lection p)eriod. On this diet, the daily excretion of fecal nitrogen 
was 27.6 mg., but of this nitrogen it is estimated that 21.7 mg. 
were derived from the body, leaving only 5.9 mg. contained in 
the indigestible food protein. Hence, the rat was receiving daily 
56.9 — 5 9 = 51.0 mg. of absorbed nitrogen. During this period, 
the excretion of urinary nitrogen was 48.6 mg. daily, of which 
37.7 mg. were the result of the catabolism of the body’s own tissues. 
Hence, only 48.6 -- 37.7 = 10.9 mg. of the absorbed dietary 
nitrogen were wasted in metabolism, and 51.0 — 10.9 = 40.1 
mg. were retained in the body. The biological value of the pro- 
tein, therefore, is equal to 100 X (40.1 51.0) = 79. The 

constancy of the computed biological values in the first set of 
data, except for the one low figure for Rat 4, is remarkable, and 
testifies to the essential accuracy of the assumptions upon whidi 
the calculation is based. 
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In the other two sets of data the agreement among the bio- 
logical values is not so good, but, considering the low values for 
Rat 4 as due to an exceptional physiological performance or to 
an inaccurate determination of endogenous nitrogen, the re- 
maining values, in the light of the experience of this laboratory 
in work of this type, exhibit a variability not greatly out of the 
ordinary. 

The ability of this method of measuring the biological value of 
proteins to harmonize results obtained with rats differing widely 
in size is further illustrated bv the data in Table XIII. 

With the first group of rats (Nos. 60 to 64, Table XIII), aver- 
aging 181 gm. in weight, the urinary nitrogen amounted to 37.3 
per cent of the absorbed nitrogen on the milk protein ration, 
while with the second group of rats (Nos. 65 to 69), averaging 
only 91 gm. in weight, the urinary nitrogen on the same ration 
amounted to only 28.6 per cent of the absorbed nitrogen. The 
discrepancy may be largely accounted for by the fact that with 
the heavier rats the endogenous nitrogen in the urine amoimted 
to 18.1 per cent of the absorbed nitrogen, while with the lighter 
rats it amounted to only 12.7 per cent. Thus, the heavier rats 
excreted 19.2 per cent of the absorbed nitrogen in the urine, while 
the lighter rats excreted 15.9 per cent. 

For the corn protein ration, containing a smaller percentage of 
protein, the case is more striking. Here the heavier rats averaged 
241 gm., and the lighter rats 97 gm. With the former, the urinary 
nitrogen averaged 82.4 per cent of the absorbed nitrogen, while 
with the latter it averaged only 66.2 per cent. The discrepancy 
is practically entirely accounted for by the great difference in the 
amount of nitrogen excreted in the urine, resulting from tissue 
catabolism. With the larger rats this amounted to 55.4 per cent 
of the absorbed nitrogen, while with the smaller it was only 39.5 per 
cent. The urinary nitrogen of dietary origin was, therefore, 82.4 — 
55.4 = 27.0 per cent of the absorbed nitrogen for the rats averaging 
241 gm. in weight, and 66.2 — 39.5 = 26.7 per cent for the 
rats averaging 97 gm. in weight. The biological value for the 
two groups of rats thus averaged very nearly the same, 73 and 
74 per cent. It would seem that the close agreement revealed 
by this method of calculation between two sets of data, seemingly 
so discordant as regards the utilization of the dietary nitrogen, 
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TABLE Xin. 


Hat 

Aver* 

age 

weight 

rat. 

Food 

con- 

Daily 

nitro- 

Daily 

urinary 

Endog- 

enous 

Food 

nitro- 

Daily 

feoal 

Meta- 

bolic., 

nitp^ 

Food 

•nitrogen 

Biologt- 

oal 

No. 

aumod 

gen 

nitro^ 

nitro- 

gen in 

nitro- 

in 

value of 


daily. 

intake 

gen. 

gen. 

urine. 

gen. 

feoeo. 

feoeg. 

protein. 


Results on milk protein (10 per cent of ration). 



gm. 

gm. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

cent 

60 

174 

11.70 

187 2 

65 0 

35.1 

29 9 

46.0 

27.7 

18.3 

82 

61 

186 

11.93 

190 9 

55 2 

27 9 

27.3 

52 2 

28.5 

23.7 

84 

62 

191 

11 77 

188 3 

64 1 

29 8 

34 3 

48 2 

28 5 

19.7 

80 

63 

189 

11.11 

177 8 

66 2 

28 3 

37 9 

45 0 

25 8 

19 2 

76 

64 

166 

10 90 

174 4 

58 0 

29 0 

29 0 

39 2 

28 3 

10 9 

82 

Average 

81 

65 

100 

8 00 

128 5 

33 9 

14 8 

19 1 

17 1 

13 0 

4.1 

81 

66 

82 

8 00 

128.5 

32 2 

15 0 

17 2 

27 2 

15 0 

12 2 

85 

67 

90 

8 00 

128 5 

29 5 

12 9 

16 6 

20 1 

15 0 

5 1 

8tf 

68 

92 

8 00 

128 5 

38 5 

15 4 

23 1 

22 3 

16 9 

5 4 

81 

69 

89 

8 00 

128 5 

40 0 

19 5 

20 5 

23.1 

15 8 

7 3 

83 

Average 

83 

127 

136 

9 57 

142 2 

55 5 

37 4 

18 1 

33 1 

22 2 

10 9 

86 

128 

104 

7.69 

114 3 

39 7 

26 2 

13.5 

42 4 

19 7 

22 7 

85 

129 

138 

11 01 

163 6 

51 4 

29 9 

21 5 

38 0 

30 7 

7.3 

86 

130 

80 

6 53 

97 0 

34 5 

20 6 

13 9 

22 4 

25 5 

0.0 

86 

Avftracrfi. . 









86 











Results on corn protein (5 per cent of ration). 

60 

231 

10 94 

87 8 

65 2 

41 3 

23 9 

29.3 

21 2 

8 1 

70 

61 

249 

10.10 

81 1 

63 3 

45 3 

18 0 

27 0 

18 7 

8 3 

75 

62 

244 

10.56 

84 8 

63 5 

45 3 

18 2 

27 4 

17 1 

10.3 

76 

63 

241 

11 03 

88 6 

59 1 

36 9 

22 2 

30 1 

19 0 

11.1 

71 

Average... 









73 











65 

108 

5 54 

44 5 

28 2 

15 3 

12 9 

10 8 

9 4 

1.4 

70 

66 

88 

5 60 

45 0 

26 8 

16 9 

9 9 

11 3 

11 3 

0.0 

78 

67 

98 

4 67 

37 5 

22 9 

14 0 

8 9 

9 4 

9.7 

0 0 

76 

68 

96 

4 97 

39 9 

27 2 

15 5 

11 7 

12 1 

11 9 

0 2 

70 

69 

96 

6.83 

54 8 

33 2 

20 8 

12 4 

15 4 

14.6 

0.8 

77 


74 


Average 
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testifies to the essential accuracy of the assumptions upon which 
it is based, prominent among which is the assumption that the 
endogenous catabolism of nitrogen is not affected by the ingestion 
of protein. 

However, the endogenous catabolism of nitrogenous substances 
is apparently affected by other factors, in the same manner as 
the ^'metabolic nitrogen’^ of the feces. Thus, from the data 


TABLE XIV. 

Excretion of Urinary Nitrogen on a Nitrogen-‘Free Ration. 


Hat No 

Average weight 
of rat 

Average daily 
food intake 

Average daily excretion of nitrogen 
in the unne 

Total 

Per 100 gm. 
body weight. 


om. 

gm 

mg 

mg. 

180 

154 

3 78 

35 8 

23 9 

181 

166 

5 55 

29 8 

18 0 

182 

169 

6 65 

26 1 

15.4 

184 

157 

7 17 

32 0 

20 5 

183 

162. 

8 11 

29 2 

18 0 

142 

147 

5 36 

34 1 

23.2 

140 

144 

5 82 

29 8 

20 7 

141 

126 

6 57 

24 3 

19 3 

144 

169 

8 15 

35 3 j 

20 9 

143 

160 

8.51 

35 2 

22 0 

129 

97 

4 33 

21 8 

22 5- 

123 

98 

5 13 

26 1 

26.6 

127 

105 1 

5 84 

22 7 

21 4 

122 

91 

5 90 

27.0 

29 7 

126 

98 

6 44 

24 5 

25 0 

124 

101 

8 30 

24 8 

24 6 


given in Table IV, it is evident that an increase in the intake of 
energy on a ^'nitrogen-free^’ ration will lower the excretion of 
urinary nitrogen provided the former intake is approximately 
equal to the maintenance requirement of the rat. That there 
is no general inverse correlation between intake of nitrogen- 
free food and excretion of urinary nitrogen, however, is indicated 
by the values obtained on three groups of rats — each group being 
under observation at the same time and weighing approximately 
the same. The data are tabulated in Table XIV, the rats in each 
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group being arranged in order of increasing intake of nitrogen- 
free food. All collection periods were of 1 week duration. 

Apparently, if the rat is receiving slightly above its requirement 
of energy for maintenance, the excretion of urinary nitrogen on 
a nitrogen-free ration is unrelated to the intake of food. 

From the data in Table XIV it appears that the endogenous 
catabolism of nitrogen in rats as measured by the urinary nitrogen 
on a nitrogen-free ration, varies considerably, even when reduced 


TABLE XV 

Excretion of Urinary Nitrogen in Adjacent Periods of Non-Protein Feeding, 


Rat No 

Average body 
weight 

Length 
of collection 
period 

Average 
daily food 
intake 

Average daily urinary 
nitrogen. 

Total 

Per 100 pm 
body weight. 


om 

days 

gm 

mg. 

mg. 

9 

103 

4 

4 82 

22 1 

21 5 


97 

7 

5 74 

22 8 

23 5 

11 

86 

4 

4 17 • 

19 6 

22 8 


82 

4 

3 90 

16 2 

19 8 

12 

104 

7 

4 85 

27 5 

26.2 


97 

7 

5 76 

27 7 

28 6 

15 

100 

8 

4 44 

22 3 

22 3 


91 

7 

4 16 

16 3 

18 1 

16 

104 

7 

5 62 

14 9 

14 3 


97 

7 

4 37 

14 8 

15 2 

27 

168 

7 

10 89 

30 6 

15 2 


164 

7 

7 81 

29 3 

14 6 


to 100 gm. of body weight. Does this variation represent simply 
experimental error, or is it indicative of actual differences in 
physiological functioning? If the latter is true, adjacent periods 
on a nitrogen-free diet should give fairly concordant results. A 
few such tests have been performed in this laboratory, and the 
data obtained have all been collected in Table XV. The data of 
the fecal excretion in these p)eriods have already been presented 
in Table VIII. 
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The agreement among corresponding figures in the last column 
of Table XV seems bs satisfactory in most cases as is ordinarily 
obtained in biological work. Certainly, the high level of endog- 
enous catabolism indicated by the values obtained with Rat 12 
as compared with Rats 16 and 27 may be interpreted as a physio- 
logical fact, not an experimental aberration. Similarly, the dis- 
tinction between Rats 9, 11, and 15, and Rats 16 and 27 is shown. 


TABLE XVI 

Reavlis Indicating a Constancy in the Excretion of Endogenous Nitrogen 
in the Urine in Adjacent Periods, 


Rat No 

Average 
weight : 

Ration 

i 

Average 

daily 

food 

intake 

Average 
daily 
intake of 
nitrogen 

Average daily excre- 
tion of urinary 
nitrogen 

Total 

Per 100 
gm body 
weight 


Qm 


om 

mj 

mj 

mj 

127 

105 

Non-pro tein. 

5 84 

4 6' 

\ 22 7 

21 4 


103 

Milk protein 

8 01 

66 9 

22 8 

22.1 


106 

<< u 

8 13 

67 9 

1 24 5 

23 1 

128 

82 

Non-protein. 

5 39 ! 

4 3 

18 4 

22 4 


79 

Milk protein. 

5 27 

44 0 

20 2 

25 6 


79 

it (( 

5 64 

47 1 

20 3 

25 7 

129 

97 

Non-protein. ' 

4 33 

3 4 1 

21 8 

22 5 


97 

Milk protein. 

6 86 

57 3 

20 4 

21 0 


99 

u u 

6 20 

51 8 

21 5 

21.7 

130 

63 

Non-protein, 

3 03 

2 5 

21 9 

34 8 


60 

Milk protein. 

4 17 

34 8 

23 1 

38 ' 5 


60 

it it 

4 73 

39 5 

20 5 

34 2 


The results of an experiment demonstrating further the true 
significance of differences in the apparent endogenous catabolism 
of rats are given in Table XVI. The four rats in this experi- 
ment were first subjected to a period of non-protein feeding and 
then to two periods on a ration containing about 5 per cent of 
milk protein, which, according to aU our experimental data, is, 
at this level, almost if not actually completely utilized in 
metabolism. 
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The figures in the last column of Table XVI are again fmrly 
concordant, and in particular the comparatively high endogenous 
catabolism of Rat 130 in the period of non-protein feeding is 
abundantly substantiated by the results of the two subsequent 
periods. 

While in adjacent periods of observation it seems justifiable to 
assume that the endogenous catabolism of nitrogenous constit- 


TABLE XVII 

Excretion of Endogenous Nitrogen in the Unne in Periods Several 
Weeks Apart. 



Collection Period 1. 

Collection Period 6 

Collection Period 12 

Rat 

No 

Aver- 

age 

weight 

of 

rat 

Daily 

food 

intake 

Urinary 
nitrogen 
per 100 
gm body 
weight 

Average 
weight 
of rat 

Daily 

food 

intake. 

Urinary 
nitrogen 
per 100 
gm body 
weight 

Average 
weight 
of rat 

Daily 

food 

intake 

Unnary 
nitrogen 
per 100 
gm body 
weight. 


gm. 

gm 

mj 

gm 

gm 

mg 

gm 

gm. 

mg. 

180 

154 

3 78 

23 9 

172 

9 92 

15 0 

186 

7 5 

15 6 

181 

166 

5 55 

18 0 

180 

10 00 

17 2 

202 

7 5 

15 2 

182 

169 

6 65 

15 4 

184 

9 00 

10 7 

193 

4 8 

14 1 

183 

162 

8 11 

18 0 

176 

10 00 

15 4 

189 

7 4 

16 7 

184 

157 

7 17 

20 5 

176 

10 00 1 

16 0 

195 

8 6 

15 2 


Collection Penod 1 

Collection Penod 6 

Collection Period 8 

122 

91 

5 90 

29 7 




122 

6 56 

28 8 

123 

98 

5 13 

26.6 




127 

6 10 

23 1 

124 

101 

8 30 

24 6 




110 

5 11 

23 9 

125 

74 

4 97 

28 9 




82 

5.27 

15 4 

126 

99 

6 44 

25 0 




108 

7.17 

16 0 

127 

105 

5 84 

21 4 

120 

6 07 

29 0 




128 

82 

5 39 

22 4 

95 

5 36 

25 9 




129 

97 

4 33 

22 5 

126 

4 97 

21 0 




130 

63 

3 03 

34 8 

73 

3 96 

23 4 





uents of the tissues remains constant, biologically speaking, and 
is commensurate with the excretion of urinary nitrogen on a 
nitrogen-free ration, there is abundant evidence that this type 
of metabohsm varies in the course of more extended periods of 
time, similar to the basal metabolism of energy and possibly for 
the same reasons. The data collected in Table XVII indicate 
such changes. 
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The rats of the first group (Nos. 180 to 184, Table XVII, in- 
clusive) were fed the same throughout the experiment. However, 
a lowering of the endogenous catabolism apparently occurred 
in some of the rats, particularly No. 184, while with the others, 
approximate constancy obtained. The values for Rat 180 in 
Period 1 and Rat 182 in Period 12, are possibly too high due to 
an insufficient food intake. 

Occasionally, remarkable changes in the urinary output of 
nitrogen on a nitrogen-free ration occurred, well illustrated by 
the data for the second group of rats (Nos. 122 to 130 inclusive), 
also included in Table XVII. These rats were not all fed the 
same during the periods intervening between the periods con- 


TABLE XVIII. 

Biological Values Obtained during Periods of Protein Feeding, 


Rat No 

Period 

2 

3 

4 

5 

8 

7 

122 

71 

64 

59 

63 

81 

83 

123 

73 

63 

63 

64 

80 

80 

124 

69 

59 

37 

34 

73 

68 

125 

58 

56 

31 

22 

56 

60 

126 

70 

61 

34 

31 

70 

66 

127 

101 

102 

94 

86 



128 

95 

96 

88 

85 



129 

101 

100 

85 

86 



130 

90 

94 

86 

86 1 




sidered in the table. The high endogenous catabolism of Rat 122 
in Period 1 still persists to Period 8. With Rats 123 and 124 
insignificant decreases seem to have occurred in this interval, 
while with Rats 125 and 126, marked decreases occurred. With 
the other four rats, two marked increases and one decrease in 
endogenous catabolism are indicated by the values in the table. 

In determining whether the marked variations in endogenous 
catabolism, indicated for some of the rats in the latter group, are 
real or not, the consistency of the biological values for the proteins 
investigated during the intervening periods among those rats 
fed alike, should constitute good evidence one way or the other. 
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These values are listed in Table XVIII; those rats fed the same 
throughout being grouped together. 

Rats 122 and 123 gave values throughout agreeing as closely 
as could be expected. Rats 124 and 126 gave values agreeing 
very closely throughout, though the values for the former rat 
were computed on the assumption of a constant endogenous 
catabolism, and those of the latter rat on the assumption of a 
marked reduction from 25.0 to 16.0 mg. of nitrogen per 100 gra. 
of body weight. The values for Rat 125, were lower than those 
for the other two rats, indicating a markedly less efficient physio- 
logical utilization of protein. However, they were consistently 
lower, in spite of the fact that they were calculated on the assump- 
tion of a reduction in endogenous catabolism from 28.9 to 15.4 mg. 
of nitrogen per 100 gm. of body weight in 6 weeks. If such a 
reduction had not actually occurred, the computed biological 
values for Rat 125 would have been much lower as compared 
with those for Rat 124 during Periods 6 and 7 than during Periods 
2 and 3. On the other hand, if the biological values in Period 
7 are computed on the basis of the endogenous catabolism as 
measured in Period 1, the results would be 69, 74, and 73, instead 
of 68, 60, and 66. The former values indicate a superior effi- 
ciency of Rat 125 over the other two rats, quite contradictory 
to the results in Period 2. The evidence with these three rats 
seems to be a clear substantiation of the theory upon which the 
calculation of these biological values is based. 

The biological values for the last four rats were obtained in 
four {leriods in which milk protein was fed at two levels, approxi- 
mately 5 per cent m Periods 2 and 3, and approximately 10 per 
cent in Periods 4 and 5. For the latter two periods good agree- 
ment exists among the values obtained with one exception; in 
the former periods the agi’cement was not so good, though with 
the smaller amounts of nitrogen contained in both food and 
•excretions, greater variability among the resulting biological 
values is to be expected due to an accentuation of imavoidable 
experimental errors. Rats 127 and 129 in all but one period 
gave biological values agreeing well, though, in one case the as- 
sumption was that a marked increase in endogenous catabolism 
occurred from 21.4 to 29.0 mg. of nitrogen per 100 gm. of weight, 
while in the latter case a constant catabolism was assumed. Simi- 
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larly, Rats 128* and 130 gave values agreeing well throughout^ 
though the assumptions involved a slight increase in one case 
and a marked decrease in the other in the endogenous catabolism. 
Recalculating the biological values of Period 5, using the values 
for the endogenous catabolism of nitrogen obtained in Period l^^, 
gives the following results, respectively: 79, 82, 87, and 93. 

In view of such variations in the intensity of those physiological 
processes involved in the degradation of nitrogenous constituents, 
of the tissues, we have modified our experimental procedure in 
metabolism studies in rats, by inserting periods of non-protein 
feeding every 4 to 6 weeks throughout a series of studies on the 
biological value of proteins, and assuming, where the urinary 
nitrogen per irnit of weight on nitrogen-free feeding varies signifi- 
cantly from one such period to the other, that in the intervening 
periods the endogenous catabolism varies in a regular fashion 
from week to week. It is also advisable not to use one group of 
rats for a very extended series of metabolism studies, since the 
conditions imposed seem to undermine the conditions of the 
rats as reflected in progressively diminishing appetite. Very 
probably the administration of a vitamin B preparation sepa- 
rately from the ration, as recommended by Osborne and Mendel, 
would aid in maintaining a satisfactory food intake throughout 
a series of metabolism tests. 


SUMMARY. 

A method of measuring the biological value of protein is de- 
scribed and submitted to extensive investigation. The method 
is based upon nitrogen balance data obtained under definite 
experimental conditions, and involves direct determinations of 
the amount of nitrogen in the feces and in the urine and indirect 
detenninations of the fractions of the fecal nitrogen and of the 
urinary nitrogen that were of dietary origin. The biological value 
of the protein is taken as the percentage of the absorbed nitrogen 
(nitrogen intake minus fecal nitrogen of dietary origin) that is 
not eliminated in the urine. This value is similar to that of Thomas 
though the reasoning upon which it is based seems more direct, 
and in particular does not involve the question of the precise 
significance of the so called ‘‘metabolic nitrogen^' of the feces. 



902 Biological Value of Proteins — Metnov 


The exf)erimental investigations, bearing on the validity of the 
method of calculation used, seem to justify the following con- 
clusions. 

1. It is possible to secure reliable data on the nitrogenous 
metabolism of rats. 

2. The '^metabolic nitrogen’^ of the feces on a protein-contain- 
ing diet is related to the amount of food consumed, and may be 
measured by the total excretion* of fecal nitrogen on a nitrogen- 
free diet. The latter may be used with the most confidence when 
the ^^roughage” content of the nitrogen-free diet approximates 
that of the protein-containing diet. 

3. The excretion of nitrogen in the urine resulting from the 
catabolism of the tissues is not markedly depressed, if at all, 
by protein feeding. There seems to be a true basal catabolism 
of nitrogenous substances in the tissues, such that the amount 
of nitrogen of body origin excreted in the urine when an animal 
is on a protein-containing dietary may be satisfactorily measured 
by the total excretion of nitrogen in the urine in an adjacent 
period of feeding a nitrogen-free diet^ While this endogenous 
catabolism of nitrogen does not seem to be affected by an influx 
of amino-acids from the intestinal tract, it may vary markedly 
in the course of a protracted series of metabolism experiments 
for unknown reasons, so that in such a series of experiments it is 
essential to redetermine the intensity of the endogenous catabo- 
lism by periods in which nitrogen-free diets are fed, if the most 
reliable biological values for protein are desired. 

The biological value of the protein of a food applied to its con- 
tent of digestible protein has much the same significance as the 
coeflSicient of digestibility applied to the content of total protein. 
The latter operation gives the content of digestible protein in 
the food, and this multiplied by the biological value and divided 
by 100 gives what the author has elsewhere termed (6) the net 
protein value of the food. Admittedly the net protein value of 
a food is not necessarily constant, any more than its content of 
digestible protein. There are many factors modifying the di- 
gestibility of the proteins of a food as well as the biological value 
of the digestible fraction, and the net protein content will be sub- 
ject to the influence of all such factors. The net protein con- 
ception, however, may prove to be of value in determining whether 



H. H. MitcheU 


903 


a given ration or diet should satisfy a given protein requirement, 
or in compounding a ration or diet that should in the most satis- 
factory manner cover the protein requirement of an animal imder 
specified conditions. In this respect it is entirely analogous to 
the net energy conception of Armsby, which has been of such 
great value in the expression of the actual energy value of farm 
feeds as related to the energy requirements of farm animals. 

BIBLIOGRAPHY. 

1. Nevens, W. B., J. Dairy Sc.y 1921, iv, 552. 

2. Martin, C. J., and Robison, R., Biochem. 1922, xvi, 407. 

3. Mitchell, H. H., Nevens, W. B., and Kendall, F. E., J. Biol. Chem., 

1922, Hi, 417. 

4. Sherman, H. C., J. Biol. Chem.j 1920, xli, 97. 

5. Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1914, xvii, 328. 

6. Mitchell, H. H., Proc. Am. Soc. Animal Production, 1922; see also 

Mitchell, H. H., and Villegas, V., J. Dairy Sc., 1923, vi, 222. 




THE BIOLOGICAL VALUE OF PROTEINS AT DIFFERENT 
LEVELS OF INTAKE. 

By H. H. MITCHELL 

{From the Department of Animal Husbandry ^ University of Jllinois, Urbana,) 
(Received for publication, November 10, 1923 ) 

The biological value of a protein, as defined and measured by 
the method developed in the preceding paper, can hardly be 
expected to remain constant under all conditions. It may be 
expected to vary with the use to which the protein is put in the 
body. The maintenance of the nitrogenous integrity of the 
tissues, the synthesis of new tissue in growth, and the synthesis 
of milk proteins in lactation may be expected to require different 
proportions of amino-acids, so that the nitrogen of a given protein 
may be expected to be more completely utilized in serving some 
one of these functions than in serving another. These differences 
in biological value are concerned with the amino-acid make-up of 
the protein as compared with the several distinct requirements for 
amino-acids. 

It is generally believed, in fact, that the chemical constitution 
of a protein determines entirely its biological value. This belief 
tacitly assumes that the economy with which the cells utilize the 
amino-acids supplied to them is unaffected by the abundance of 
the supply, particularly by the rate at which the amino-acids are 
transported to the cells from the intestinal tract. It also assumes 
that the undigested fraction of a dietary protein is representative 
in its amino-acid make-up of the protein as consumed, so that 
factors influencing the digestibility of the protein would have no 
effect on the proportions of the different amino-acids absorbed into 
the blood. It must also assume that no great differences in the 
rate at which different amino-acids are liberated from a protein 
during digestion occur, or that if such differences do occur, the^ 
storage capacity of the tissues for absorbed amino-acids is sufficiently 
great to insure the presence there throughout the digestive period 
of optimum proportions for synthetic purposes of the several 

905 
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amino-acids. It also assumes that until the demands of the body 
for protein are covered by the protein intake, amii;io-acids are not 
oxidized in the body except in so far as they are unavailable for 
synthetic purposes, and hence that factors affecting the intensity 
of the oxidation processes can have no effect on the utilization of 
amino-acids for structural purposes. These assumptions are either 
extremely improbable or highly debatable. 

However, by conducting experiments with different proteins 
under the same experimental conditions, particularly with regard 
to the concentration of protein in the ration, it should be possible 
to obtain biological values indicating the relative utilization of the 
proteins in anabplism, and by changing experimental conditions, it 
should be possible to determine to what extent the assumptions 
•enumerated in the preceding paragraph deviate from the truth. 

With these purposes in mind a large number of metabolism 
studies on rats were undertaken in which a considerable variety of 
proteins was tested at different levels of intake. The methods of 
confining the rats and of making the collections of urine and feces 
have already been described in the preceding paper. The collec- 
tion periods w'ere all of 1 week duration and were always preceded 
by a period of at least 3 days in length in which the same ration in 
approximately the same amounts was fed. Each rat used in 
these experiments was subjected to at least one period of non- 
protein feeding to determine the rate of the endogenous catabolism 
of nitrogenous substances as related to body weight, and the rate 
of endogenous losses of nitrogen through the digestive tract as 
related to the amount of food consumed. The values thus obtained 
were used in the estimation in periods of protein feeding, of the 
contribution by the body to the fecal and urinary nitrogen and, 
by difference, the waste of food nitrogen in digestion and metab- 
olism. The methods by which these estimates were made and 
their justification have already been fully discussed. The biolog- 
ical value of the protein, or more correctly of the total nitrogen in 
the ration, is finally expressed as the percentage of the absorbed 
nitrogen which is retained in the body. 

In the first series of experiments the proteins or mixtures of 
proteins tested constituted approximately 5 per cent of the rations 
fed, all of which possessed approximately the same energy value. 
The results of these experiments are summarized in Tables I to 
VII inclusive. 
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The mixed proteins of milk evidently gave the highest biological 
values of all the proteins tested, averaging 93.4. Some preliminary 
tests have been run on the proteins of meat, indicating that, imder 
optimum conditions, meat proteins separated from the extractives 
are fully as completely utilized as the proteins of milk. If the 

TABLE I. 


Biological Value of Milk Proteins at a' 5 Per Cent Level* 


Rat No 

Initial weight 

Final weight 

Food intake 

Nitrogen intake 

Fecal nitrogen 

fl 

fl 

0) 

1 

a 

1 

a 

4 

s 

Si 

< 

Urinary nitrogen 

Food nitrogen in 
urine 

Absorbed nitrogen 
retained in b^y 

Biological value 


gm 

gm 

gm 

mg 

mg 

mg. 1 

mg 

mg 

mg 

mg 

per cent 

65 

70 

80 

7 67 

63 1 

11 1 

0 0 

63 1 

15 4 

3 8 

59 3 

94 


80 

83 

6 79 

55 9 

13 0 

2 3 

53 6 

18 8 

6 7 

46 9 

87 

66 

62 

62 

6 07 

50 0 

15 0 

4 5 

45 5 

10 8 

0 8 

44 7 

98 


62 

65 

6 00 

49 4 

12 0 

1 2 

48 2 

14 1 

2 8 

45 4 

94 

67 

63 

70 

5 81 

47 8 

11 6 

1 8 

46 0 

13 3 

3 9 

42 1 

92 


70 

70 

4 90 

40 3 

11 2 

2 5 

37 8 

17 1 

7 1 

30 7 

81 

68 

59 

68 

7 07 

58 2 

10 4 

0 0 

58 2 

15 8 

4 9 

53 3 

92 


68 

74 

7 00 

57 6 

13 7 

0 0 

57 6 

19 5 

7 4 

50 2 

87 

69 

60 

66 

6 29 

51 8 

11 5 

0 1 

, 51 7 

22 0 

7 8 

43 9 

85 


66 

70 

6 00 

49 4 

12 6 

1 2 

48 2 

17 2 

! 2 1 

46 1 

96 

127 

101 

105 

8 01 

66 9 

20 7 

2 1 

64 8 

22 8 

0 0 

64 8 

100 


105 

107 

8 13 

67 9 

31 1 

12 2 

55 7 

24 5 

0 0 

55 7 

100 

128 

79 

80 

5 27 

44 0 

13 7 

3 2 

40 8 

20 2 

2 0 

38 8 

95 


80 

79 

5 64 

47 1 

22 0 

9 7 

37 4 

20 3 

1 5 

35 9 

96 

129 

94 

100 

6 86 

57 3 

15 3 

0 0 

57 3 

20 4 

0 0 

57 3 

100 


100 

99 

6 20 

51 8 

24 6 

7 3 

44 5 

21 5 

0 0 

44 5 

100 

130 

61 

60 

4 17 

34 8 

15 8 

0 0 

34 8 

23 1 

3 6 

31 2 

90 


60 

60 

4 73 

39 5 

19 6 

1 2 

38 3 

20 6 

2.4 

35 9 

94 


Average biological value . . 93 4 


* Results in this and the following tables expressed on the daily basis. 

extractives are not removed, however, the average biological value 
of the total nitrogen of meat is distinctly less than that of milk, 
probably due to a very low biological value of the nitrogenous 
extractives. These results on meat are not sufficiently numerous 
to warrant reporting at this time. 
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The main protein of milk, as other investigations have shown, is 
distinctly less efficient in nutrition than the mixed proteins of 
milk. The average biologicai value obtained for casein was 70.8. 
At a 5 per cent level of intake, casein, in fact, seems to be no higher 
in biological value than the proteins of corn, for which an average 
value of 72.0 was obtained. 


TABLE II 

Biological Value of Casein at a 5 Per Cent Level. 


Rat No 

Initial weight 

Final weight 

Food intake 

1 

c 

d) 

g> 

% 

Fecal nitrogen 

Food nitrogen in 
feces 

1 

Absorbed nitrogen 

Urinary nitrogen 

d 

a 

1 

li 

Absorbed n'trt^en 
retained in body 



Biological value 


gm 

gm 

gm 

mg 


mg 

mg 

mg 

mg 

mg 

mg 

per cent 

20 

61 

65 

4 61 

45 

6 

11 5 

3 5 

42 1 

28 8 

14 4 

27 7 

66 

21 

72 

76 

4 91 

48 

2 

11 4 

3 0 

45 2 

30 1 

15 6 

29 6 

66 

22 

64 

64 

3 86 

36 

1 

8 2 

1 6 

34 5 

24 2 

9 7 

24 8 

72 


64 

64 

3 87 

36 

5 

6 8 

0 2 

36 3 

24 9 i 

10 4 

25 9 

71 

23 

81 

80 

3 73 

84 

8 

8 2 

0 5 

34 3 

27 7 

9 1 

25 2 

73 


80 

81 

4 73 

44 

7 

9 2 

0 0 

44 7 

32 0 

13 4 

31 3 

70 

27 

144 

149 

7 67 

70 

1 

21 4 

8 9 

61 2 : 

43 5 

17 2 

44 0 

71 


140 

165 

10 56 

96 

5 

23 0 i 

5 8 

90 7 

50 3 

21 7 i 

69 0 

76 

15 

113 

119 

9 44 

86 

3 

20 3 

1 8 

84 5 

50 0 

26 6 1 

57 9 

69 


118 

124 

9 09 

80 

1 

24 1 

6 3 

73 8 ! 

43 0 

18 6 1 

55 2 

75 

16 

110 

120 

9 09 

83 

1 

23 2 

6 2 1 

76 9 

33 8 

16 9 

60 0 

72 

65 

58 

64 

6 16 

54 

3 

8 9 

0 0 

54 3 

23 6 

13 8 

40 5 

75 

66 

45 

47 

3 84 

33 

9 

6 1 

0 0 

33 9 

17 7 

10 0 

23 9 

71 

67 

56 

59 

5 11 

45 

1 

8 2 

0 6 

44 5 

20 8 

12 6 

31 9 

72 

68 

56 

58 

4 50 

30 

7 

9 0 

2 0 

37 7 

22 9 

12 7 

25 0 

66 

69 

56 

56 

4 94 

43 

6 

7 3 

0 0 

43 6 

to 

o 

14 1 

29 5 

68 


Average biological value . . . 70 8 


The biological values of the mixed proteins of the three cereals 
examined, corn, oats, and whole rice, show rather distinct dif- 
ferences, the average values being 72.0 for corn, 78.6 for oats, 
and 86.1 for rice at a 5 per cent level. These differences seem to 
be fairly distinct. Of the four rats on which tests both of com 
and oat proteins were run, three gave distinctly higher values for 
oat protein than for com protein, while one gave concordant 
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values for both cereals. Of the two rats on which tests both of 
oat and of rice proteins were made, both gave higher values for rice 
proteins. 


TABLE III. 

Biological Value of Corn Proteins at a 6 Per Cent Level. 


1 

1 

1 

a 

Final weight 

Food intake 

Nitrogen intake. 

Fecal nitrogen 

Food nitrogen in 

j 

Absorbed nitrogen 

Urinary nitrogen 

Food nitrogen in 
unne 

Absorbed nitrogen 
retained in body 

Biological value. 


gm. 

gm 

gm 

mg 

mg 

mg 

mg 

mg 

mg 

mg. 

per cent 

60 

232 

230 

10 94 

87 

8 

29 3 

8 

1 

79 7 

65 

2 

23 

9 

55 

8 

70 

61 

250 

249 

10 10 

81 

1 

27 0 

8 

3 

72 8 

63 

3 

18 

0 

54 

8 

75 


249 

241 

9 23 

74 

1 

26 4 

9 

3 

64 8 

60 

2 

15 

6 

49 

2 

76 

^ 62 

244 

245 

10 56 

84 

8 

27 4 

10 

3 

74 5 

63 

5 

18 

2 

56 

3 

76 

63 

240 

243 

11 03 

88 

6 

30 1 

11 

1 

77 5 

59 

1 

22 

2 

55 

3 

71 

65 

115 

109 

5 94 

47 

7 

13 6 

5 

2 

42 5 

30 

9 

12 

6 

29 

9 

70 


109 

108 

5 54 

44 

5 

10 8 

1 

4 

43 1 

28 

2 

12 

9 

30 

2 

70 

66 

93 

88 

5 66 

45 

4 

10 5 

0 

0 

45 4 

28 

1 

11 

2 

34 

2 

75 


88 

88 

5 60 

45 

0 

11 3 

0 

0 

45 0 

26 

8 

9 

9 

35 

1 

78 

67 

100 

98 

5 83 

46 

8 

113 3 

1 

8 

45 0 

27 

8 

13 

6 

31 

4 

70 


98 

98 

4 67 

37 

5 

9 4 

0 

0 

37 5 

22 

9 

8 

9 

28 

6 

76 

68 

105 

98 

6 19 

49 

7 

16 7 

2 

8 

46 9 

35 

0 

18 

3 

28 

6 

61 


98 

94 

4 97 

39 

9 

12 1 

0 

2 

39 7 

27 

2 

11 

7 

28 

0 

70 

69 

98 

98 

6 67 

53 

6 

15 6 

1 

9 

51 7 

40 

1 

18 

9 

32 

8 

63 


98 

95 

6 83 

54 

8 

15 4 

0 

8 

54 0 

33 

2 

1 

4 

41 

6 

77 

15 

111 

109 

8 29 

75 

0 

20 5 

4 

3 

70 7 

39 

8 

17 

6 

53 

1 j 

75 


109 

no 

8 49 

75 

5 

20 5 

3 

9 

71 6 

39 

7 

17 

7 

53 

9 

75 

16 

109 

106 

7 47 

67 

6 

18 5 

4 

5 

1 63 1 

39 

4 

23 

7 

39 

4 

62 


106 

106 

8 11 

72 

1 

16 6 

1 

4 

70 7 

39 

5 

23 

9 

46 

8 

66 

20 

69 

72 

5 33 

49 

4 

13 2 

3 

9 

45 5 

25 

9 

9 

9 ! 

35 

6 

78 


72 

72 

5 23 

47 

3 

13 6 

4 

5 

42 8 

26 

2 

9 

8 j 

33 

0 

77 

21 

87 

88 

5 74 

53 

2 

15 3 

5 

4 

47 8 

29 

2 

12 

1 1 

35 

7 i 

75 


88 

87 

6 20 

56 

1 

14 4 

3 

7 

52 4 

32 

3 

15 

2 

37 

2 

71 


Average biological value.. . . . ... 72 


The proteins of yeast, at this low level of intake, also seem to be 
very completely utilized, as indicated by an average biological value 
of 85.5. The average biological value for potatoes, 68.5, was the 
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TABLE IV. 


Biological Value of Oat Protein at a 5 Per Cent Level, 


Rat No. 

Initial weight. 

1 

Food intake 

Nitrogen intake. 

1 

1 

a 

d 

1 

'd o 

Absorbed nitrogen 

1 

S 

1 

P 

Food nitrogen m 
unne 

Absorbed nitrogen 
retained in body. 

1 


gm. 

gm 

gm 

mg. 

mg 

mg 

mg 

mg 

mg. 

mg. 

percent 

15 

96 i 

100 

6 83i 

60 7 

19 7 

6 3 

54 4 

30.4 

10 6 i 

43 

80 


100 

105 

7 30 

64 9 

18.7 

4 4 

60 5 

31.0 

10 4 

50 1 

83 

16 

94 

96 

5 29 

47 0 

14 6 

4 8 

42 2 

24 9 

11 0 

31 2 

74 


96 

99 

6 54 

58 1 

17 8 

5 6 

52 5 

28 2 

13 9 

38 6 

74 

20 

70 

70 

5 35 

47 6 

13 9 

4 6 

43 0 

25 1 

9 1 

33 9 

79 


70 

77 

6.36 

55.6 

15 4 

4 3 

51 3 

27.3 

10 7 

40 6 

79 

21 

85 

85 

oo 

1C 

52 2 

14 8 

4.7 

47 5 

26 0 

9 3 

38 2 

80 


85 

90 

6 49 

56 8 

16 4 

5 2 

51 6 

27 2 

10.1 

41 5 

1 

S(y 


Average biological value . . . 78 6 


TABLE V. 


Biological Value of Rice Protein at a 6 Per Cent Level, 


Rat No. 

Initial weight. 

Final weight 

Food intake 

Nitrogen intake 

Fecal nitrogen 

Food nitrogen in 
feoes. 

d 

a 

1 

< 

1 

\ 

g 

Food nitrogen in 
urine. 

Absorbed nitrogen 
retained in body. 

Biological value. 


gm. 

gm 

gm 

mg. 

mg 

mg 

mg. 

mg 

mg 

mg. 

percent 

22 

68 

76 

7.79' 

67 6 

14 9 

1 7 

65 9 

25 6 

9 3 

56 6 

86 

23 

90 

94 

7 64 

66 3 

17.1 

1 4 

64 9 

28 5 

7 2 

57 7 

89 

24 

92 

93 

6 96 

60 4 

15,1 

3 6 

56 8 

30.1 

9 4 

47.4 

83 

25 

56 

58 

5 29 

45 9 

12 1 

2 8 

43 1 

22 8 

5 2 

37.9 

88 

20 

79 

82 

6 37 

1 55.4 

12 4 

1 3 

54 1 

26 6 

8 4 

45 7 

84 


82 

87 

6 04 

52.5 

11 7 

1 2 

51 3 

25 2 

6.0 

45 3 

88 

21 

95 

101 

8 21 

71 3 

16 4 

2 3 

69 0 

31.9 

12 7 

56 3 

82 


101 

108 

7 13 

62 0 

15 3 

3.0 

59.0 

26.9 

6 5 

52.5 

89 


Average biological value ^ i 
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TABLE VI. 


Biological Value of Potato Nitrogen at a 5 Per Cent LeveL 


Rat No. 

Initial weight. 

Final weight. 

Food intake 

Nitrogen intake 

Fecal nitrogen 

d 

d 

ii 

' 

Absorbed nitrogen 

Urinary nitrogen. 

Food nitrogen in 
urine. 

Absorbed nitrogen 
retained m body 

s 

1 

1 

1 

S 


gm. 

gm 

gm 

mg 

mg 

mg 

mg 

mg 

mg 

mg. 

percent 

140 

14fi 

141 

9 41 

82 2 

40 2 

21 7 

60 5 

45 6 

18 2 

42 3 

70 


141 

144 

9 04 

79 0 

35 2 

18 0 

61 0 

44 0 

17 6 

43 4 

71 

141 

126 

125 

8 56 

74 8 

28 5 

16 9 

57 9 

39 8 

17 2 

40 7 

70 


125 

127 

8 23 

71 9 

26 6 

15.7 

56 2 

39 9 

18 5 

37 7 

67 

142 

140 

140 

8 32 

72 7 

22 3 

9 3 

63 4 

46 1 

16 1 

47 3 

75 


140 

141 

8 97 

78 4 

30 7 

17 4 

61 0 

46 6 

19 2 

41 8 

68 

143 

153 

154 

11 82 

103 3 

24 1 

0 9 

102 4 

55 6 

23 9 

78 5 

77 


154 

152 

9 84 

86 0 

36 9 

19 1 

66 9 

54 5 

24 8 

42 1 

63 

144 

161 

156 

8 48 

74 1 

29 3 

15 7 

58 4 

53 2 

21 0 

37 4 

64 


156 

159 

9 70 

84 8 

37 6 

23 3 

61 5 

55 8 

24 7 

36 8 

60 


Average biological value, . . ! . ... 68 5 


TABLE VII 


Biological Value of Yeast Nitrogen at a 5 Per Cent Level, 


Rat No 

Initial wdght. 

4i 

I 

Food intake 

Nitrogen intake 

Fecal nitrogen. 

Food nitrogen m 
feces. 

Absorbed nitrogen 

Urinary nitrogen 

Food nitrogen in 
unne. 

Absorbed nitrc^n 
retained in body 

Biological vahie. 


gm 

gm 

gm 

mg 

mg 

mg 

mg. 

mg 

mg 

mg 

percen 

24 

86 

87 

6 16 

57 3 

25 1 

14 9 

42 4 

26 9 

re 

34 8 

82 


87 

88 

6 10 

56 7 

24 1 

14 0 

42 7 

25 1 

5 5 

37 2 

87 


88 

89 

6 34 

59 0 

26 2 

15 7 

43 3 

24 7 

4 9 

38 4 

89 

25 

53 

52 

5 10 

47 5 

20 5 

11 5 

36 0 

22 4 

6 4 

29 6 

82 


52 

52 

4 81 

44 7 

21 8 

13 3 

31 4 

20 2 

4 2 

27 2 

87 


52 

51 

4 54 

42 3 

18 4 

1 

10 4 

31 9 

20 1 

4 4 

27 5 

86 


Average biological value., 85.5 
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lowest of any thus far considered; the individual values obtained 
in the potato tests were, however, not particularly uniform. It 
should be mentioned in connection both with th© yeast and the 


TABLE VIII 

Biological Value of Milk Proteins at a 10 Per Cent Level. 


Rat No 

Initial weight 

Final weight 

Food intake 

Nitrogen intake 

Fecal nitrogen 

Food nitrogen in 
feces 

Absorbed nitrogen 

Urinary nitrogen 

a 

P 

d >> 

II 

‘3 S 

11 

< 

Biological value. 


gni. 

gm 

gm 

mg 

mg 

mg 

mg 


mg. 

mg. 

mg 

per cefU 

65 

91 

109 

8 00 

128 5 

17 1 

4 1 

124 

4 

33 9 

19 

1 

105 3 

85 


123 

141 

8 86 

142 3 

22 1 

6 5 

135 

8 

39 7 

21 

4 

114 4 

84 

66 

74 

91 

8 00 

128 5 

27 2 

12 2 

116 

3 

32 2 

17 

2 

99 I 

85 


98 

117 

8 86 

142 3 

26 8 

8 3 

134 

0 

38 1 

17 

4 

116 6 

87 

67 

82 

99 

8 00 

128 5 

20 1 

5 1 

123 

4 

29 5 

16 

6 

106 8 

86 


109 

131 

8 86 

142 3 

22 5 

3 2 

139 

1 

36 0 

18 

7 

120 4 

87 

68 

83 

101 

8 00 

128 5 

22 3 

5 4 

123 

1 

38 5 

23 

1 

100 0 

81 


106 

127 

8 86 

142 3 

24 2 

1 8 

140 

5 

41 7 

23 

4 

117 1 

83 

69 

82 

96 

8 00 

128 5 

23 1 

7 3 

121 

2 

40 0 

20 

5 

100 7 

83 


107 

124 

8 86 

142 3 

28 6 

8 9 

133 

4 

43 0 

18 

7 

114 7 

86 

127 

117 

132 

9 70 

il44 1 

49 2 

26 7 

117 

4 

39 0 

e 

8 

no 6 

94 


132 

140 

9 57 

142 2 

33 1 

10 9 

131 

3 

55 5 

18 

1 

113 2 

86 

128 

82 

98 

7 11 

105 7 

32 7 

15 9 

89 

8 

32 4 

10 

4 

79 4 

88 


98 

110 

7 69 

114 3 

42 4 

22 7 

91 

6 

39 7 

13 

5 

78 1 

85 

129 

112 

131 

10 31 

153 2 

52 2 

23 4 

129 

8 

46 1 

19 

8 

no 0 

85 


131 

146 

11 01 

163 6 

38 0 

7 3 

156 

3 

51 4 

21 

5 

134 8 

86 

130 

64 

76 

5 26 

78 2 

29 1 

1 8 6 

69 

6 

29 6 

10 

0 

59 6 

1 86 


76 

85 

6 53 

97 0 

22 4 

0 0 

97 

0 

34 5 

13 

9 

83 1 

86 

60 

164 

183 

11 70 

187 2 

46 0 

17 5 

169 

7 

65 0 

29 

2 

140 5 

82 

61 

176 

197 

11 93 

190 9 

52 2 

22 6 

168 

3 

55 2 

28 

2 

140 1 

84 

62 

184 

199 

11 77 

188 3 

48 2 

18 2 

170 

1 

64 1 

35 

3 

134 8 

80 

63 

183 

195 

11 11 

177 8 

45 0 

18 1 

159 

7 

66 2 

38 

0 

121 7 

76 

64 

156 

176 

10 90 

174 4 

39 2 

10 3 

164 

1 

58 0 

29 

3 

134 8 

82 


Average biological value 84.7 


potato, that the biological values obtained, being based entirely on 
nitrogen balance studies, do not even approximately apply to the 
'proteins of these foods, since so much non-protein nitrogenous 
material is contained in them. With most foods, the biological 
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value of the absorbed nitrogen, can within small limits of error 
be taken as representative of the biological ^value of their mixed 
proteins. 

The second series of experiments was performed on rations 
containing approximately 10 per cent of protein (N X 6.25). While 


TABLE IX 

Biological Value of the Proteins of Corn at a 10 Per Cent Level, 


Rat No 

Initial weight 

Final weight 

Food intake 

Nitrogen intake 

Fecal nitrogen 

Food nitrogen m 
feces 

Absorbed nitrogen 

Urinary nitrogen 

Food nitrogen in 
urine 

Absorbed nitrogen 
retained in body 

Biologioal \ alue. 

65 

gm 

131 

gm 

131 

gm 

5 27 

mg 

82 3 

my 

10 3 

mg 

6 0 

fag 

76 3 

mg 

51 2 

mg 

31 8 

mg 

44 5 

per cent 

58 


146 

147 

7 04 

110 2 

21 2 

5 4 

104 8 

72 4 

47 4 

57 4 

55 

66 

103 

102 

4 20 

65 6 

13 4 

4 4 

61 2 

44 8 

22 6 

38.6 

63 


119 

121 

6 66 

104 3 

19 9 

5 6 

98 7 

64 5 

34 4 

64 3 

65 

67 

120 

119 

4 59 

71 7 

14 1 

3 9 

67 8 

44 1 

25 3 

42 5 

62 


141 

142 

6 47 

101 3 

20 4l 

6 0 

95 3 

04 7 

38 3 

57 0 

60 

68 

113 

111 

4 89 

76 4 

18 8 

6 0 

70 4 

44 6 

25 7 

44 7 

63 


130 

134 

7 31 

114 5 

23 1 

3 9 

110 6 

67 2 

41 7 

68 9 

62 

69 

110 

106 

4 80 

75 0 

17 3 

6 7 

68 3 

48 2 

24 7 

43 6 

64 


120 

120 

6 36 

99 6 

18 4 

5 7 

93 9 

64 0 

36 4 

57 5 

61 

60 

222 

223 

10 66 

166 9 

33 9 

13 2 

153 7 

122 4 

82 7 

71 0 

46 


223 

223 

8 79, 

137 7 

30 6 

13 6 

124 1 I 

106 3 

66 4 

57 7 

46 

61 

241 

242 

9 56 

149 7 

28 6 

10 9 

138 8 

112 3 

68 4 

70 4 

51 


242 

244 

9 23 

144 5 

28 2 

11 1 

133 4 

102 1 

57 9 

75 5 

57 

62 

245 

250 

11 46 

179 5 

35 1 

10 4 

163 1 

123 5 

77 8 

85 3 

52 


250 

250 

9 21 

144 7 

33 6 

18 6 

126 1 

95 5 

49 3 

76 8 

61 

190 j 

202 

213 

10 00 

136 5 

20 9 

2 4 

134 1 

81 3 

48 6 

85 5 

64 

191 

201 

212 

10 00 

136 5 

23 0 

0 3 

136 2 

74 3 

45 3 

90 9 

67 

192 

207 

218 

10 00 

136 5 

21 2 

0 S 

135 7 

80 9 

42 3 

93 4 

69 

193 

204 

220 

10 00 

136 5 

22 4 

3 0 

133 5 

82 6 

41 9 

91 6 

69 

194 

208 

220 

10 00^136 5 

23 8 

7 8 

128 7 

81 4 

48 0 

80 7 

63 


Average biological value . 59,6 


in the former series, the dietary protein was used mainly for the 
maintenance of the tissues, in this series some growth was also 
obtained. The experimental results are summarized in Tables 
VIII to XI, inclusive. 
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TABLE X. 

Biological Value of Oat Proteins at a 10 Per Cent Level, 


Rat No. 

Initial weight. 

Final weight 

F<K>d intake. 

Nitrogen intake 

d 

1 

1 

hi 

Food nitrogen m 
fecea 

Absorbed nitrogen 

Urinary nitrogen 

a 

1 

Absorbed nitrogen 
retained in b^y 

s 

i 

"3 

n 


gm 

gm 

gm 

mg 

mg 

mg 

mg 

mg. 

mi 

1 

mg 


per cent 

60 

199 

209 

13 57 

219 2 

61 5 

31 2 

188 0 

88 8 

49 

0 

139 

0 

74 


209 

210 

12 77 

206 2 

49 9 

22 3 

183 9 

94 6 

54 

7 

129 

2 

70 

61 

211 

221 

14 54 

234 8 

60 8 

28 7 

206 1 

100 0 

65 

2 

140 

9 

68 


221 

227 

15 16 

241 8 

66 1 

34 0 

210 8 

113 7 

76 

5 

134 

3 

64 

62 

212 

223 

13 80 

222 9 

55 9 

26 1 

196 8 

103 4 

67 

4 

129 

4 

66 


223 

229 

13 83 

223 4 

56 1 

28 0 

195 4 

103 5 

64 

7 

130 

7 ; 

67 

63 

211 

221 

13 46 

217 4 

1 58 7 

30 2 

187 2 

106 3 

73 

7 

113 

5 ' 

61 


221 

222 

12 94 

209 0 

56 4 

30 3 

178 7 

113 4 

80 

0 

98 

7 

55 

64 

200 

203 

13 33 

215 3 

64 6 

31 3 

184 0 

107 2 

71 

0 

113 

0 

61 


203 

205 

12 53 

202 4 

52 9 

22 2 i 

180 2 

104 4 

67 

1 

113 

1 

63 


Average biological value . 64 9 


TABLE XI 

Biological Value of Potato Proteins (N X 6.25) at a 10 Per Cent Level. 


Rat No. 

Initial weight 

Final weight 

Food intake 

Nitrogen intake 

Fecal nitrogen 

Food nitrogen in 
feces 

Absorbed nitrogen 

d 

1 

a 

■ 1 

■s 

Food nitrogen in 
urine. 

Absorbed nitrogen 
retained in body 

6 

d 

'a 

> 

1 

PQ 


gm 

gm 

gm. 

mg 

mg. 

mg 

mg 

mg. 

mg 

mg 

per cent 

140 

157 1 

164 

9 41 

119 2 

31 7 

15 8 

103 4 

58 9 

34 4 

69 0 

68 


164 

160 

7 65 

96 9 

19 2 

6 8 

90 1 

54 4 

31 2 

58 9 

65 

141 

139 

149 

10 00 

126 7 

27 5 

15 1 

111 6 

58 5 

39 1 

72 5 

65 


149 

164 

11 60 

147 0 

26 0 

12 0 

135 0 

68 4 

49 2 

85 8 

64 

142 

! 154 

165 

10 00 

126 7 

20 1 

7.7 

119 0 

I 58 8 

36 2 

82 8 

70 


165 

179 

11 60 

147.0 

30 0 

16 6 

130 4 

i 63 5 

42 2 

88 2 

68 

143 

165 

172 

10 00 

126 7 

27 7 

14 1 

112 6 

j 59 2 

33 2 

79 4 

71 


172 

189 

11 60 

147 0 

33 7 

19 7 

127 3 

64 2 

38 6 

88 7 

70 

144 

166 

170 

9 19 

116.4 

24 6 

14 7 

101 7 

66 0 

35 3 

66 4 

65 


170 

171 

10 00 

126 7 

24 3 

14 8 

111 9 

73 7 

43 6 

68.3 

61 

Average biological value.. .. 







66.7 
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As might be expected, the increase in the level of protein feeding 
has lowered the biological value of the protein. With the mixed 
proteins of milk this decrease is not great, the biological value 
falling from 93.4 at the 5 per cent level to 84.7 at the 10 per cent 
level. It seems, however, to be distinct. Comparing the values 
for Rats 65 to 69, inclusive, at both levels (Tables I and VIII), it 
will be seen that four of these five rats gave distinctly lower values 
at the higher level. Rat 67 gave such discordant values at the 
5 per cent level, that no conclusion one way or the other is justi- 
fied in this case. 

Corn proteins show a more distinct drop in biological value, 
from 72.0 to 59.6. The reality of such a reduction in value is 
strengthened by the fact that eight of the rats receiving the 10 
per cent ration (Table IX) had in closely adjacent periods received 
a 5 per cent ration of corn proteins (Table III) and in each case 
the experimental results indicated a distinct drop in the biological 
value of the protein. The lowest values at the 10 per cent level 
were obtained with a group of four rats weighing close to 250 gm. 
Possibly these exceptionally low values were due in part to an 
excess of protein in the diet relative to the protein requirements 
of the animals. Against this possibility may be cited the results 
obtained by Nevens working in this laboratory (1) on a group of 
three rats weighing 108 to 118 gm. On a ration containing 
approximately 10 per cent of com protein, biological values of 
48, 49, and 52 were obtained. On the other hand, in another 
investigation in this laboratoiy (2) an average biological value of 
72 was obtained on three rats on a 5 per cent ration of com protein, 
checking exactly the average value for Table III. Occasionally, 
due either to differences in the physiological economy of rats or 
to differences in the character of the protein in a given food, such 
discordant values are obtained. 

With oat proteins also, a drop in biological value with an increase 
in the protein concentration of the ration occurred, from 78.6 
(Table IV) to 64.9 (Table X). The superiority in biological value 
of oat proteins over corn proteins seems just as marked at the 
higher level as at the lower level. This is particularly clear on 
comparing the data for Rats 60, 61, and 62, on which both foods 
were tested. 
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On the other hand, the nitrogen of potato shows practically the- 
same biological value at a 10 per cent as at a 5 per cent level of 
intake, the average for the former being 66.7 (Tabl^ XI), and for 
the latter 68 5 (Table VI). The same group of five, rats was fed 
both rations in adjacent periods. 

In a previous publication from this laboratory already referred 
to (2) data were obtained indicating a marked decrease in the 
biological value of the proteins of the coconut from an average of 
77 for a 5 per cent ration to an average of 58 for a 10 per cent 
ration. In a report on the growth-promoting value of lactalbumin 
and of casein, Osborne, Mendel, and Ferry have shown that, with 
rats fed rations in which the amount of these proteins was the 
only factor limiting growth, the gains in weight per gram of protein 
consumed, increased to a maximum and then decreased rapidly as 
the protein concentration of the ration increased continuously (3) . 
If these data are recalculated, using data previously reported by 
the same investigators on the maintenance requirement of rats 
for lactalbumin and casein, to obtain the gains in weight per gram 
of protein consumed above maintenance, a continuous decrease in 
this value is shown for lactalbumin as the protein concentration of 
the ration is increased. For casein a similar decrease was obtained 
except for the ration containing the lowest percentage of this 
protein. In a later report on the nutritive value of the cereal 
proteins at different levels of intake (4), similar results were obtained. 
These experimental results confirm our results in indicating a 
reduction in the biological value of proteins as their concentration 
in the ration is increased. 

It is noteworthy that this decrease in biological value of the 
proteins of foods is related to the protein concentration of the 
ration, not to the protein intake. For example, in Tables II, III, 
and VIII, particularly, marked differences in nitrogen intake, due 
to a varying consumption of rations containing the same concen- 
tration of a given protein mixture, seem to have no effect on the 
biological value of the protein. 

The decrease in the utilization of protein in anabolism as the 
level of intake increases is probably due in part to a lower utili- 
zation for growth than for maintenance and to the increasing 
ratio of the absorbed nitrogen used for growth to that used for 
maintenance as the rate of growth increases. However, there is- 
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reason for supposing that this factor cannot account for all of 
this decrease. Our data on this point are incomplete, probably 
only indicative. For example, we have found that milk proteins 
consumed in amounts comparable to the endogenous catabolism 
of nitrogen have apparently a biologial value of 100, since no 
increase in the urinary nitrogen occtirs above the excretion on a 
nitrogen-free diet (see preceding paper, Table XI). We may, 
therefore, assume that in covering the maintenance requirement, 
at this level of intake at least, these proteins are completely utilized 
in metabolism. It is interesting, therefore, to analyze the balance 
data obtained on feeding these proteins at higher levels. We may 
utilize the average data for Rats 65 to 69, inclusive, given in 
Tables I and VIII. On a ration containing approximately 5 per 
cent of milk proteins these rats consumed on an average 51.5 mg. 
of absorbed nitrogen per day, using 90.7 per cent of this amount 
for maintenance and growth. Estimating the maintenance 
requirement from the excretion of urinary nitrogen on a nitrogen- 
free diet, 11.7 mg. were used for this purpose and 34.6 mg. 
were used for growth. Assuming that the utilization of milk 
nitrogen at this level is still 100, it is evident that 51.5 — 11.7 = 
39.8 mg. of the absorbed nitrogen were used for growth. ^The 
growth secured, however, was equivalent to only 34.6 mg., so 
that the utilization for growth was 34.6 39.8 = 87.0 per cent. On 

a ration, containing approximately 10 per cent of milk proteins, 
the average daily intake of absorbed nitrogen was 129,7 mg., 
with an average biological A alue of 84.8. The average mainte- 
nance requirement in these experiments was 17.6 mg, per rat 
per day, and the growth secured was equivalent to 92.4 mg. 
Assuming again that the utilization of milk nitrogen for mainte- 
nance at this higher level is still 100, the utilization of nitrogen 
for growth would equal 92.4 -f- (129.7 — 17 6) == 82.4. This is lower 
than the estimated utilization bf milk protein for growlh at a 
5 per cent level of intake (87.0), indicating that other factors are 
operating in the lowering of the biological value of milk proteins 
at higher levels of intake, than a mere difference in the proportion 
of the absorbed nitrogen used for maintenance. 

The first explanation that might occur, is that the greater the 
rate of influx of amino-acids to the tissues from the digestive tract 
the less the economy with which they are handled. If this were 
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true, however, it would be expected that the utilization of dietary 
nitrogen in metabolism would be increased, at c^ain levels of 
intake at least, by increasing the number of feedipgs and thus 
assuring a more constant and less rapid influx of amino-acids to 
the tissues. However, Chanutin and Mendel (5) have recently 
shown that with dogs the utilization of casein, at a low and a high 
level of intake, is unaffected by the manner of feeding; i.e., whether 
all the day^s food is taken in a single feeding or in fractional feed- 


TABLE XTI 

Nitrogenous Metabolism of Rats as Affected by Single and Fractional Feeding. 


Nitrogen content of ration 

i 

1 

& 

“o 

1 

Feedings per day 

Rat 1 Average 
weight 210 gm 

7 50 gm food daily. 

Rat 2 Average 
weight 250 gm 

8 70 gm food daily 

Rat 3 Average 
weight 60 gm 

3 60 gm food daily. 

Nitrogen intake 

Urinary nitrogen 

Fecal nitrogen 

Nitrogen intake 

Urinary mtrogen 

Fecal mtrogen. 

Nitrogen intake 

a 

a 

>> 

i 

& 

d 

a 

1 

per cent 

days 


mg 

mg 

mg 1 

mg 

mg 1 

mg 

mg 

mg 

mg. 

2 992 

5 

1 

209* 

185 

30 1 

260 

179 1 

60 

108 

60 

19 


6 

3 

209* 

178 

48 1 

260 

168 1 

52 

108 

57 

20 


5 

1 

209* 

193 

39 

260 

197 

62 

108 

59 

22 

1 531 

5 

1 

115 

95 

25 

133 

87 

39 

55 

30 

12 


5 

3 

115 

88 

28 

133 

88 

29 

55 

30 

11 


5 

1 

115 

81 

32 

133 

80 

39 

55 

28 

15 

1.043 

5 

1 

78 

51 

22 

91 

66 

25 

37 

21 

10 


5 

3 

78 

50 

23 

91 

51 

34 

37 

20 

13 


6 

1 

78 

49 

22 

91 

51 

36 

37 

18 

12 


5 

6 

78 

51 

26 

91 

45 

35 

37 

19 

11 


i ^ 

1 1 

78 

45 

31 

91 

47 

34 

37 

18 

12 


* The food intake of Rat 1 was 7 0 gm. per day in these three periods. 


ings. We have obtained similar data on six rats, agreeing with 
Chanutin and Mendel at low levels of intake, the percentage of 
nitrogen in our low protein rations being considerably less than 
that in the low protein rations of Chanutin and Mendel. With 
our high protein rations, however, containing a percentage of 
nitrogen much smaller than the high prdtein rations of Chanutin 
and Mendel, all six rats showed a higher utilization of nitrogen in 
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metabolism in the period of fractional feeding as indicated by the 
urinary excretion than in the preceding and following periods in 
which the day's food was consumed in one feeding. The data of 
this experiment are summarized in Tables XII and XIII. 

In this experiment the protein mixture fed was the same qual- 
itatively in all periods, being furnished by a mixture of corn and 
tankage in the ratio of 85 to 15. The first ration used, containing 
2.992 per cent of nitrogen, contained only this mixture of feeds. 


TABLE XIII 

Nitrogenous Metabolism of Rats as Affected hg Single and Fractional Feeding* 


Nitrogen content of ration 

Length of period 

Feedings per day 

Rat 3 Average 
weight 147 gm 

6 00 gm food daily 

Rat 4 Average 
weight 138 pm 

6 00gm food daily 

Rat 6 Average 
weight 140 gm 

6 00 gm food daily 

Nitrogen intake 

a 

0) 

1 

S 

>» 

1 

Fecal nitrogen 

Nitrogen intake 

Urinary nitrogen 

a 

t 

5 

1 

Nitrogen intake 

0 

a 

>» 

u 

i 

& 

a 

1 

per cent 

days 


mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg. 

2 992 

4 

1 

179 

110 

32 

179 

101 

33 

179 

104 

28 


4 

3 

179 

105 

33 

179 

93 

39 

179 

99 

38 


1 4 

1 

179 

113 

25 

179 

111 

37 

179 

123 

35 

1 531 

4 

1 

92 

55 

23 

92 

49 

26 

92 

49 

22 


4 

3 

92 

55 

22 

92 

47 

24 

92 

52 

23 


4 

1 

92 

50 

23 

92 

50 

27 

92 



1 043 

4 

1 

63 

36 

20 

63 

32 

19 

63 

32 

17 


' 4 

3 

63 

32 

20 

63 

34 

18 

63 

32 

22 


4 

1 

63 

35 

14 

63 

33 

18 

63 

32 

23 


4 


63 

34 

17 

63 

39 

20 1 

63 

32 

19 


4 

! 1 

1 

63 

35 

1 

63 

33 

20 

63 

32 

24 


The rations with smaller percentages of nitrogen were obtained 
by mixing with the first ration varying amounts of a synthetic non- 
protein ration, containing adequate amounts of minerals and 
vitamins. In all periods, each rat received the same amount of 
feed, with the one exception noted in the table, this amount being 
just sufficient, as determined in a preliminary period of several 
weeks duration, to maintain the rat at constant weight. On the 
days in which only one feeding was given, the entire amount was 
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invariably consumed within 30 minutes, generally in a much 
shorter time. On the other days, the fractional ^feedings were 
distributed throughout the day as evenly as practicable, excepting 
for the period from 11 p.m. to 6 a.m. Following a redt^ction in the 
nitrogen content of the ration, collection of urine and feces was 
interrupted for at least 3 days. 

Since our 5 and 10 per cent protein rations contained only 0.8 
to 1.6 per cent of nitrogen, the data in Tables XII and XIII afford 
no grounds for suspecting that the rate of absorption of a given 
amount of protein affected in any way the economy of its utilization 
in metabolism. Another factor that may plausibly operate in 
reducing the biological value of a given protein or protein mixture 
as its concentration in the ration increases, is an inevitable wastage 
of amino-acids in the oxidative processes of the cells. It seems 
unreasonable to suppose that amino-acids of dietary origin are 
totally immune to oxidation, or are oxidized only in so far as 
they are not used in anabolism, even though enough non-protein 
material is being consumed to cover, or more than cover, the 
energy demands of the body. If they are not thus totally immune 
to oxidation, the extent of their oxidation will depend upon their 
concentration in the cellular fluids with respect to the concen- 
tration of non-nitrogenous nutrients, which would in turn be largely 
dependent on the percentage of protein in the ration. If this 
wastage of amino-acids by oxidation increases more rapidly than 
the protein intake, a greater percentage loss of absorbed nitrogen, 
due to inevitable oxidation, will result with rations containing 
higher percentages of protein. A greater proportional specific 
dynamic effect of protein at moderate than at low levels of intake 
would result in this situation. This explanation, therefore, 
ascribes the increase in the biological value of protein as the level 
of intake decreases to a true protein-sparing effect of carbohydrate. 

It is interesting to note in this connection that the one food for 
which a constant biological value of its nitrogen was obtained, was^ 
the potato, containing from 40 to 60 per cent of its nitrogen in 
non-protein forms. 

The opinion of Martin and Robison, expressed in their recent 
paper on the biological value of proteins (6), that the ‘Validity of 
the method adopted by Thomas for the determination of the 
biological values of proteins depends in the first place on the uni- 
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“formity of this value when varying amounts of the same protein 
4ire consumed,” is not convincing. It can be defended only on 
the assumption that the biological value of a protein is fixed by its 


TABLE XIV 

Biological Value of the Proteins of the Navy Bean at a 10 Per Cent Level, 


1 

1 

I ""1 

1 1 



a 

a 

- ! 

d 

bsorbed nitrogen 
retained in body 


Rat No 

iitial weight 

inal weight 

ood intake 

, 1 
a 

a 

0 . 

seal nitrogen 

g 

g* 

U 

5 

(» 

OJ-* 

1 

S 

TS 

a; 

rO 

O 

.2 

rmary mtroger 

d 

& 

o 

5 a> 

^ 9 

Is 

lological value 

iM 


^ ! 


Pm 



P I 

P 


PQ 


gm 

gm 

gm 

mg 

mg 1 

mg \ 

mg 

mg \ 

mg 

mg 

per cent 

160 

159 

157 

8 37 

141 6 

35 8 

19 0 

122 6 

82 2 

65 6 

57 0 

47 

161 

154 

152 

6 32 

106 9 

34 3 

21 9 

85 0 

76 5 

59 7 

25 3 ! 

30 

162" 

137 

142 

8 18 

138 4 

38 4 

24 4 

114 0 

85 7 

71 7 

42 3 i 

37 

163 

133 

130 

8 62 

145 8 

32 4 

17 6 

128 2 

90 7 

73.5 

54 7 1 

43 

164 

138 

140 

5 73 

97 0 

28 4 

13 8 

83 2 

66 4 

54 4 

28 8 

35 


Average biological value . 38 4 


TABLE XV 

Biological Value of the Proteins of Tankage at a 10 Per Cent Level, 


Rat No 

Initial weight 

Final weight 

Food intake 

Nitrogen intake 

Fecal nitrogen. 

Food nitrogen in 
feces 

Absorbed nitrogen 

d 

v 

00 

o 

d 

e? 

a 

a 

P 

Food nitrogen in 
urine 

Absorbed nitrogen 
retained m body 

Biological value. 


gm 

gm 

gm 

1 

mg 1 

mg 

mg 

mg 

mg 

1 

mg 1 

i 

mg 

per cent 

124 

113 

113 

9 69 

144 5 

68 3 

45 6 

98 9 

89 7 ' 

62 4 

36 5 

37 


113 

107 

7 41 

110 5 

51 6 

34 5 

76 0 

77 0 

50 4 

25 6 

34 

125 

88 

80 

6 91 

103 0 

50 1 

CO 

68 6 

66 4 

47 0 

21 6 

31 


80 

78 

5 36 

79 9 

43 6 

31 4 

48 5 

54 4 

37 7 

10 8 

22 

126 

111 

105 

8 11 

120 9 

51 3 

31 4 

89 5 

82 1 

59 3 

30 2 

34 


105 

99 i 

6 60 

98 4 

41 3 

25 9 

72 5 

70 3 

50 1 

22 4 

31 


Average biological value 31 5 


<jhemical constitution. The total neglect of many possible physio- 
logical factors that may modify the biological value of a protein, 
some of which have been mentioned above, renders this assumption 
:untenable. 
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In Tables XIV {ind XV are given the metabolism data on the 
proteins of the navy bean (after steam-cooking) and ^ proteins 
of the packing house by-product known as tankage. ThCee protein 
mbctures are the lowest in biological value of any that we have 
thus far tested. 


SUMMAHY. 

The biological values of the proteins (total nitrogen) of milk, 
com, oats, rice, yeast, potatoes, navy beans, and the packing house 
by-product tankage, have been determined by a modified Thomas 
method described and defended in the preceding paper. 

With the proteins of corn, milk, oats, and potatoes, this deter- 
mination was made with rations containing approximately 5 and 
approximately 10 per cent of protein (N X 6.25) and, with the 
exception of potatoes, the biological values were smaller at the 
higher level. The probable factors responsible for this reduction 
in biological value are discussed on the basis of available experi- 
mental data. 
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The problem of assessing the biological value of proteins and 
protein mixtures is complicated, not only by the fact that it varies 
with the concentration of protein in the ration, but also by the 
fact that the biological value of a mixture of proteins is not neces- 
sarily the mean of the biological values of the individual proteins, 
each value being weighted according to the proportion in which the 
protein occurs in the mixture. We may consider each protein fed 
at a given low level as consisting of two fractions, one including 
the maximum proportion of amino-acids that can be used to 
replenish or enlarge the supply of nitrogenous substances in the 
tissues, the other including the remaining proportion of amino- 
acids destined to be deaminized, because it does not contain the 
complete assortment of amino-acids essential for synthesis into 
complexes needed by the tissues. If two proteins are fed together 
to an animal, those fractions of each which would otherwise be 
deaminized may together contain a complete assortment of amino- 
acids, permitting a part of the combined fractions to be used for 
synthetic purposes. In such a case, the biological value of the 
mixture would be greater than the weighted mean of the biological 
values of both. 

The case may be illustrated in the simplest way by the nitrogen 
balance data when casein is fed as the sole protein in the ration, 
and when it is supplemented with cystine, which seems to be the 
amino-acid limiting the utilization of this protein in anabolism. 
Such data on a single rat are sununarized in Table I. 

The values in the last three columns are estimated a^ described 
fully in the first paper of this series. Evidently the small addition 
of cystine has rendered available for structural purposes a rela- 
tively large amount of casein nitrogen that otherwise would have 
been excreted. 
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A clear case of a supplementary relation existing between two 
protein mixtures is contained in Table II. These results were 
obtained on a group of five rats fed on a ration co^itaining approx- 
imately 10 per cent of protein, three-fourths of wiiich were com 

TABLE I 


Effect of an Addition of Cystine on the Biological Value of Casein.* 


Initial 

weight 

Final 

>\eight 

Food 

intake 

Cystine 

nitrogen 

consumed 

Nitrogen 

intake 

Food 
nitrogen 
in feces 

Food 
nitrogen 
in urine 

Biological 

value 

gm 

gm 

gm 

mg 

mg 

mg 

mg 

jwr cent 

118 

124 

9 09 

0 00 

80 1 

6 3 

18 6 

75 

128 

127 

6 96 

1 44 

62 7 

7 7 

4 4 

92 

126 

126 

6 80 

1 02 

61 0 

8 8 

7 2 

86 


* The results in this and the following tables are expressed on the daily 
basis. 


TABLE II 

Supplementary Relation between Milk Proteins and Corn Proteins. 


Rat No 

Initial weight 

Final weight 

Food intake 

Nitrogen intake 

Fecal mtrogen 

Food mtrogen in 
feces 

Absorbed nitrogen 

a 

OI 

1 

a 

b 

03 

a 

C 

0 

Food nitrogen in 
urine 

Absorbed nitrogen 
retained in body 

Biological value 


gm. 

gm 

gm 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

per cent 

65 

135 

147 

7 79 

118 3 

23 2 

6 8 

111 5 

52 2 

29 6 

81 9 

73 


151 

162 

8 69 

132 0 

24 5 

3 8 

128 2 

61 3 

32 8 

95 4 

74 

66 

105 

119 

7 36 

111 8 

22 5 

6 7 

105 1 

51 1 

24 8 

80 3 

77 


126 

129 

6 96 

105 7 

24 8 

9 8 

95 9 

50 7 

16 7 

79 2 

82 

67 

126 

139 

7 86 

119 4 

30 1 

12 6 

106 8 

51 7 

28 9 

77 9 

73 


146 

155 

8 39 

127 4 

28 5 

9 8 

117 6 

56 4 

1 26 1 

91 5 

78 

68 

116 

127 

7 21 

109 5 

23 2 

4 3 

105 2 

49 8 

27 9 

77 3 

73 


139 

147 

8 54 

129 7 

30 2 

7 8 

121 9 

56 3 

27 3 

94 6 

78 

69 

111 

123 

7 00 

106 3 

19 8 

5 1 

101 2 

50 9 

24 7 

76 5 

76 


122 

130 

7 47 

113 5 

21 6 

7 4 

106 1 

57 1 

28 5 

77 6 

73 


Average biological value . . . ... 75 7 


protein and one-fourth, milk protein. The average biological 
value of the mixed proteins in ten 1 week periods was 75.7. The 
same rats were fed 10 per cent rations of corn and milk proteins 
separately, the data being given in Tables VIII and IX of the 
preceding paper. The average biological value for com proteins 
was 61.3, and for milk proteins 84.7. The weighted mean of these 
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two values for a mixture of 3 parts of com protein and 1 part of 
milk protein is 67.1. The difference between 67.1 and 75.7, the 
value actually obtained, represents the supplementary action of 
one protein mixture on the other. 

A summary of the biological values obtained with each of these 
five rats on 10 per cent rations of com proteins alone, milk proteins 
alone, and a mixture of the two is given in Table III. 

TABLE III 


Biological Values of Corn Proteins Alone, Milk Proteins Alone, and a Mix- 
ture of the- Two in the Proportion of S to 1, All Rations Containing 
Approximately 10 Per Cent of Protein. 


Protein 

Rat No. 

Aver- 

65 

66 

67 

68 

69 

1 age 

Corn . . . 

58 

63 

62 

63 

64 

62 0 


55 

65 

60 

62 

61 

60 6 

Milk . . 1 

85 

85 

86 

81 

83 

84 0 


84 

87 

87 

83 

86 

85 4 

Corn and milk (actual) 

73 

77 

73 

73 

76 

74 4 


74 

82 

78 

78 

73 

77 0 

Corn and milk (estimate) 

63 5 

69 5 

67 4 

67 4 

68 0 

67 2 


The figures at the bottom of the table are weighted means of the 
average biological values for com and milk proteins separately. 
In each case this estimate of the biological value of the mixture of 
corn^nd milk, proteins is considerably less than the values actually 
obtained, indicating a distinct supplementary relation between 
the two. 

We have also demonstrated a distinct supplementary relation 
between corn proteins and the proteins of tankage. In farm 
practice, good results are obtained in the growth and fattening of 
swine by feeding ^j^^jplffxture of com and tankage.^ The value of 

1 The latter feed contains packing house refuse, including meat scraps, 
condemned meat, bones, blood, and viscera, that has been submitted to 
prolonged treatment with steam under pressure for the removal of most 
of its grease. The product is then dried and finely ground. In regulating 
the composition of tankage, attention is paid only to total nitrogen, the 
content of which is varied by varying the proportion of blood and of the 
evaporated liquid (‘^stick’^) obtained in the drying of previous batches of 
tankage. 
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the latter feed in supplementing corn is commonly supposed to be 
twofold: first, in contributing an abundance of calcium and phos- 
phorus; and, second, in contributing an abundance of protein, of 
which the best grades bf tankage contain 50 to 60 per cent. How- 
ever, no information is available as to whether the value of tankage 
as a protein supplement depends simply on the intrinsic value of 
its proteins or on their supplementing effect on the proteins of com. 
In the preceding paper (Table XV), duplicate results on three 
rats were reported relative to the biological value of tankage 


TABLE IV 

Supplementary Relation between Coin Proteins and the Proteins of Tankage, 


1 

1 . 1 

1 1 


1 

1 


1 

1 

1 2 


1 <3 

a> 

1 = 


a 



1 

Rat No 

Length of perioc] 

Initial weight 

Final weight 

Food intake 

Nitrogen intake 


Fecal nitrogen 


Food nitrogen 

feces 

Absorbed nitrog 

Unnary nitroge 


fl 

0} 

a. 

-d S 
o t 

£ " 


1 a 
a - 

11 
o J 

V 

EJ 

1 

1 

1 

'o 

n 


days 

gm 

gm 

gm 

mg 


mg 


mg 

mg 

vtg 


mg 


mg 

per 

cent 

1 

15 

209 

203 

7 50 

114 

8 

28 

3 

10 

0 

104 8 

88 

0 

59 

4 

45 4 

43 

2 

15 

251 

248 

8 70 

133 

2 

35 

7 

14 

0 

119 2 

85 

0 

47 

3 

71 9 

60 

6 

15 

57 

55 1 

3 60 

55 

1 

12 

7 

7 

2 

47 9 

29 

3 

20 

0 

27 9 

58 

3 

12 

145 

152 

6 00 

91 

9 

22 

4 

11 

1 

80 8 

53 

3 

31 

1 

49 7 

62 

4 

12 

137 

144 1 

6 00 

91 

9 

25 

9 

14 

6 

77 3 

48 

5 

31 

li 

46 2 

60 

5 

8 

144 

138 

6 00 

91 

9 

22 

7 

12 

0 

79 9 

50 

7 

28 

7 

51 2 

64 

124 1 

7 

114 

120 

8.61 

134 

7 

18 

3 

0 

0 

134 7 

65 

5 

37 

2 

97 5 

73 


7 

120 


7 81 

122 

1 

15 

6 

0 

0 

122 1 

67 

0 

39 

0 

83 1 

68 

125 

7 

80 

86 

5 80 

90 

7 

15 

6 

2 

4 

1 88 3 

54 

9 

38 

9 

49 4! 

56 


7 

86 


4 57 

71 

5 

12 

8 

2 

4 

69 1 

42 

1 

27 

6 

41 5| 

60 

126 

7 

105 

no 

7 96 

124 

5 

17 

3 

0 

0 

il24 5 

57 

6 

37 

7 

86 8 

70 


7 

no 


7 93 

124 

0 

15 

5 

0 

0 

124 0 

61 

1 

42 

1 

81 9 

66 


proteins themselves fed at a 10 per cent level. This value seems 
to be exceptionally low, averaging 31.5. However, when tankage 
and corn are mixed in such proportions that the protein of the 
mixture is derived equally from the two feeds, the biological value 
of the combined proteins is fully equal to that of corn proteins 
and possibly is even higher. In Table IV is given a series of deter- 
minations of the biological value of the proteins of such a mixture, 
fed at a 10 per cent level. With one exception, these values cluster 
closely about an average of 60, which is the average biological 
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value of com proteins. In the second half of the table are ^ven 
duplicate determinations on the same three rats used in the tankage 
experiments just referred to. While the individual determinations 
do not agree particularly well among themselves, they do indicate 
that the mixed proteins have at least as high a biological value as 
the proteins of corn alone. This, of course, would not be the case 
unless a distinct supplementary relation existed between the 
proteins of com and the proteins of tankage. It would seem, 


TABLE v 

Supplemejitary Relation between Gelatin and Oat Proteins. 


Rat No. 

Initial weight 

Final weight 

Food intake 

Nitrogen intake 

Fecal nitrogen 

Food nitrogen in 
feces 

Absorbed nitrogen 

Urinary nitrogen 

Food nitrogen in 
urine 

Absorbed nitrogen 
retained in body 

Biological value 


gm 

gm 

gm 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

per cent 

60 

211 

210 

10 11 

164 3 

33 3 

12 2 

152 1 

123 1 

83 8 

68 3 

45 


210 

206 

9 49 

154 2l 

30 1 

10 9 

143 3 

121 5 

83 4 

59 9 

42 

61 

229 i 

230 

11 96 

194 4 

36 9 

12 6 

181 8 

143 5 

104 4 

77 4 

43 


230 

231 

11 27 

183 1 

27 3 

5 4 

177 7 

139 5 

98 8 

78 9 

44 

62 

228 

230 

11 31 

183 8 

34 6* 

13 1 

170 7 

143 1 

103 0 

67 7 

40 


230 

227 

10 29 

167 2 

25 3 

7 1 

160 1 

134 7 

93 7 

66 4 

41 

63 

222 

225 

10 69 

173 7 

30 4 

9 9 

163 8 

126 9 

93 0 

70 8 

43 


225 

223 

9 64 

156 6 

29 4* 

11 9 ! 

144 7 

119 3 

85 0 

59 7 

41 

64 

209 

210 

10 93 

177 6 

32 6 

6 4 

171 2 

126 0 

87 2 

84 0 

49 


210 

202 

9 24 

150 1 

27 6* 

5 9 

144 2 

128 6 

90 1 

54 1 

38 


Average biological value . . . 42 6 


* The nitrogen determinations on these feces were lost The values 
given in the table were obtained by assuming an average digestibility of 
the dietary nitrogen. 

therefore, that the value of tankage as a protein supplement for 
com depends on a distinct increase in the protein content of the 
ration, but not upon any appreciable increase in the biological 
value of the protein. 

We have not been able to establish any certain supplementary 
relation between gelatin and oat proteins. Such a relation has 
been indicated by experiments reported by McCollum, Simmonds, 
and Pitz (1), and more certainly, by the quantitative results of 
Osborne and Mendel (2). In Table X of the preceding paper is 


TRl JOURITAIi OF BZ0L0Q1C41. OHBAOBTBTt YOXi. LVZZX, NO. 3 
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giTen a summary of the results of duplicate tests on a group of fivs 
rats on a 10 per cent oat protein ration. Immediately after this 
test was completed, the rats were put upon a ration containing 10 
per cent of protein, approximately three-fourths of which were 
derived from oats and one-fourth from gelatin. After the usual 
period of preliminary feeding, two successive balance periods were 
run, the results of which are summarized in Table V. While oat 
proteins alone had an average biological value of 64.9, the mixture 
of oat proteins and gelatin in the ratio of 3 to 1, had an average 
biological value of only 42.6. The individual values in this experi- 
ment were remarkably concordant. It is evident, therefore, that 
in our experience the mixture of oat proteins and gelatin was 
distinctly inferior to oat proteins alone. It is, however, difficult 
to determine whether a slight supplementary relation may not 
exist between oat proteins and gelatin, since the biological value* 
of the latter protein would not be comparable in any way to that 
of complete proteins. Our attempts to determine the biological 
value of gelatin in covering the maintenance requirement of rats 
have given widely discordant values, ranging from 0 to 44, an 
experience similar to that of Robison (3). 

While many instances of supplementary relations between 
animal and vegetable proteins have been indicated or demonstrated 
by feeding experiments or metabolism studies, few instances of an 
appreciable supplementary effect of the proteins of one vegetable 
product upon those of another have been reported, in so far as the 
author is aware. Nevens has reported from this laboratory the 
results of combining in all possible ways the proteins of com, 
cottonseed meal, and alfalfa (4); for only one combination, i,e, 
that of cottonseed meal and alfalfa, was any such effect indicated, 
and this effect was slight. In another report (5) we have shown 
that no supplementary relations exist between the proteins of 
coconut meal and rice bran, nor between the proteins of com and 
coconut meal, though between the proteins of com and soy beans 
there may be a shght supplementary effect. 

SUMMARY. 

T.he existence or non-existence of a supplementary relation 
between the proteins of different feeds, and the extent of such a 
relation if it exists, may be readily determined from the results 
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of metabolism studies on rats so designed as to permit of the calcu- 
lation of the biological values of the proteins of each food sepa- 
rately and of different combinations of them. 

In this manner, a considerable supplementary relation has been 
shown to exist between the proteins of com and of milk, and 
between the proteins of com and of tankage. No supplementary 
relation could be demonstrated between gelatin and the proteins 
of the oat kernel. 
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INTRODUCTION. 

This paper is concerned with a study of the following questions: 
(1) In what proportions must foodstuffs be oxidized by the dia- 
betic in order to prevent ketosis? (2) To what extent is ketosis 
affected by changes in the diet? (3) What is the effect of fasting 
on ketosis and on the carbohydrate metabolism? These ques- 
tions are important in the treatment of diabetes with or without 
insulin. In order to get the full benefit of the internal secretion 
of the pancreas, whether derived from his own gland or injected 
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subcutaneously, the diabetic must use as much fat as is necessary 
within safe limits. To this end an understanding pf the ketogenic 
action of fat is essential. 


Literature. 

An excellent review of the extensive literature on antiketogenesis may 
be found in Shaffer's second paper (4, b) . Only a few investigations may be 
mentioned here. In 1910 Woodyatt (1) stated the problems involved, and 
advanced a theory as to its mechanism. He credited the alcohol or —OH 
radical, and Ringer and Frankel (2) credited the aldehyde or — CHO 
radical with the power of antikelogenesis Ladd and Palmer (3), working 
with diabetic patients, calculated from the diets the ratio of available 
carbohydrate to fat at which the elimination of ketones first showed a 
marked increase, and found it to be approximately 1 to 4. Papers by 
Shaffer (4) and Woodyatt (5) in 1921 presented a detailed theory of 
antiketogenesis, the underlying principle being that the ketones are formed 
in the course of the normal metabolism and are completely oxidized, pro- 
vided that they come into contact with a sufficient quantity of glucose which 
is itself in the process of oxidation In che absence of this ^‘oxidizing" 
glucose they accumulate in the tissues Both Shaffer and Woodyatt^ 
published formulas by which to estimate the ketogenic balance. The 
formula of Woodyatt is expressed in terms of fatty acid and glucose, and 
reads as follows: 

Fatty acid 0 46 X protein + 0 9 X fat 

Glucose Carbohydrate H- 0.58 protein -f 0 1 X fat 

All the constituents of the formula are expressed in grams The ratio 
obtained by this formula may be converted into the molecular form by 
dividing it by the appropriate molecular weights. For fatty acid this may 
be taken as the average weight of oleic and palmitic acids, or 270 (5, 6). 
The molecular weight of glucose is 180 270 divided by 180 is 1.5. There- 

fore, in order to obtain the molecular ratio divide the Woodyatt ratio by 
1.5. Consequently, when the Woodyatt ratio is 1.5, a molecular ratio of 
1 to 1 is indicated 

In his third article (4) Shaffer has constructed a table by which the keto- 
genic balance, expressed as a molecular ratio, can be read off direct from the 
respiratory quotient, thus making his analysis readily apxfficable 
data of respiratory observations. He has since (4) modified the fonntrttt~ 
by increasing the ketogenic value ascribed to protein. By means of this 


^ These two formulas are based on identical assumptions, which have 
been very clearly described by Shaffer (4, h) Provided that the calculations 
are based on the foodstuffs metabolized, the choice of one formula or the 
other is largely a matter of personal convenience. 
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change, together with the assumption that 1 molecule of glucose is the equiv- 
alent of 2 of keto-acid he has succeeded in making the calculations agree with 
the quantity of ketones actually excreted in cases of severe ketosis. The 
method to be described below is not adapted to such cases, and the remain- 
ing references will be confined to the question of the ketogenic balance at 
the threshold of ketosis. Woodvatt (5), Shaffer (4, 6), and McCann, Hannon, 
Perlzweig, and Tompkins (6) found the threshold of ketosis near a ratio of 
1 molecule of keto-acid to 1 of glucose, whereas Wilder and Winter (7) 
and Ladd and Palmer (3) found it at a ratio of more than 1 molecule of 
keto-acid to 1 of glucose Wilder, Boothby, and Beeler (8) found that with 
their patient the critical ratio was not the same at different levels of the 
metabolism. 

The principle that ketosis depends on the excess of ketogenic over 
antiketogenic substances receives confirmation from the work of Joslin 
(9), who found that the lower the respiratory quotient, and therefore the 
smaller the proportion of glucose oxidized, the greater the ketosis. In 
only 8 of the 66 experiments with patients with severe ketosis was the quo- 
tient greater than 0.76. This corresponds accurately to the level found by 
Shaffer at the border-line of ketogenesis 

The production of ketones by normal fasting individuals has also been 
explained by both of these authors on the basis of the ketogenic balance. 

Method, 

The method was the same as that used in a previous investiga- 
tion in this laboratory (10). The respiration calorimeter was used 
in conjunction with the urinary nitrogen to determine the quantities 
of protein, fat, and carbohydrate oxidized. In order to make the 
period of the calorimeter observation a fair sample of the 24 hours 
the diet was given in small portions every 2 hours. The observa- 
tions from Nov. 22 on were begun on the average 36 minutes after 
the last meal, and usually lasted 3 hours. On two other occasions 
one 2 hour portion of food was given before the patient entered the 
calorimeter, and another after he had been in it 2 hours, an average 
of 5 hours being taken. The results were essentially the same by 
either method. 

Observations were controlled by means of alcohol checks, which 
i^S^^corded in Table I. The respiratory quotients for 3 hour 
periods langeOi^ 0.66 to 0.68, as compared to the theoretical 
quotient for alcohol ~bf 0.667. The error in the oxygen ranged 
from 0 to —3.6 per cent. If this maximum error of 3.6 per cent 
be applied to the calculation of 800 non-protein calories per day 
found in a typical patient of our series, the difference would be 
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29 calories. The maximum error from the oxygen should ther^ 
fore not exceed 29 non-protein calories a day. 

To eliminate as far as possible the chance that the metabolism 
of the diabetic might not be the same by night as by day, two 
observations were made with George H., one beginning about 
noon on Apr. 19, and the other at midnight 36 hours later. The 
time which had elapsed since the last meal was the same in the 
two instances. The total metabolism, as may be seen from 
Table II, decreased, from 1,261 to 1,168 calories per 24 hours, 
but the quotient changed only from 0.74 to 0.75. Moreover, 
the relation between the fatty acid-glucose ratio and the excre- 
tion of the acetone bodies were maintained at night during sleep, 
as well as in the daytime. 

The calculations were based on the carbon dioxide eliminated 
by the patient, the oxygen absorbed, and the nitrogen of the urine 
during a calorimeter observation of from 2 to 5 hours. Using the 
nitrogen excretion and the table of Zuntz and Schumburg the quan- 
tities of protein, fat, and carbohydrate oxidized during the calo- 
rimeter period were computed and expressed as calories per 24 hours. 
They were then converted into grams and used to compute the 
fatty acid-glucose ratio by means of the formula of Woodyatt 
(5, a). The total quantity of glucose oxidized during the metabo- 
lism of these food materials was also calculated, using Woodyatt^s 
formula for This method differs from that of Woodyatt 

in one essential; namely, that the calculations were based on the 
metabolism and not on the diet. The latter appears in the follow- 
ing paper only for the purpose of comparison. 

Case Histories, 

Case 1 .—Moderately severe diabetes Frank B., age 34 years, condiment 
maker, born in Austria, was admitted to the metabolism ward on Apr. 17, 
1922. His symptoms began 6 or 8 months before admission. Physical 
examination showed him to be undernourished, flushed, with acetone odor 
of the breath. His blood sugar ranged from 422 to 130 mg. per 100 cc. 
The maximum excretion of the acetone bodies was 2.27 mg. On Apr. 21 
a boil about 4 cm. in diameter was incised, and 4 cc. of pus were evacuated. 
He developed a tolerance for 100 gm. of carbohydrate, exclusive of glucose 
derived from protein or fat. 

Case ^ —Moderate diabetes. Frank C., age 28 years, accountant, was 
admitted to the metabolism ward for the second time on Nov. 10, 1922. 
His diabetic symptoms began in Jan , 1921. The physical examination was 
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negative except for absent knee-jerks and evidence of slight enlargement 
of the liver. His blood sugar while in the ward ranged from 214 to 131 gm. 
per 100 cc . The maximum excretion of the acetone bodies was 3.30 gm . on a 
high fat diet, and the lowest carbon dioxide-combining power of the blood 
was 69 vol. per cent. He developed a tolerance for 40 gm. of carbohydrate^ 
exclusive of protein and fat. 

Case 3.* — Severe diabetes. Harold J., age 9 years, born in the United 
States, was admitted to the metabolism ward for the first time on Jan. 6, 
1922. The severity of his case at that time was shown by the dextrose- 
nitrogen ratio which exceeded 3 on several occasions. He was readmitted 
on Nov. 14, 1922, having been treated with insulin since Aug. of the same 
year. On withholding the insulin his excretion of acetone rose to 1.96 gm. 
with a diet con Gaining 60 gm. each of protein and fat, and 6 gm. of carbohy- 
drate. The carbon dioxide-combining power of the blood at this time waa 
42 vol. per cent. The blood sugar was 242 gm. per 100 cc. on the 6th day of 
withdrawal of insulm. 

Case J. — ^Mild diabetes. Chris Q , age 35 years, fireman, born in the 
United States, was admitted to the metabolism ward on Dec. 23, 1922. The 
symptoms of diabetes dated back 8 months. The physical examination 
was negative except for evidence of some loss of weight. His blood sugar 
on Dec. 14 and 15 ranged from 227 to 126 mg. per 100 cc. The maximum 
excretion of the acetone bodies was 2.01 gm. on a high fat diet. The lowest 
carbon dioxide-combining power of the blood was 54 vol. per cent. He 
developed a tolerance for 50 gm. of carbohydrate while in the ward. 

Case 6 . — Moderately severe diabetes. Morris G., age 24J years, born in 
Roumania, was admitted to the metabolism ward on Jan. 9, 1923. He had 
been treated for diabetes for 2 years. The physical examination was 
negative except for considerable loss of flesh. His greatest excretion of the 
acetone bodies was 2.24 gm. on a balanced diet, and the lowest carbon 
dioxide-combining power of the blood was 40 vol. per cent. He was unable 
to tolerate without insulin a diet greater than the lowest Newburgh diet of 
14 gm. of carbohydrate and 935 calories. 

Case 6 , — ^Moderate diabetes, with improvement. Ray H., age 15 years, 
schoolboy, born in the United States, was admitted to the metabolism 
ward on Jan. 25, 1923. He had symptoms of diabetes for a month previous, 
beginning shortly after an attack of sore throat . The physical examination 
was essentially negative except for pallor, emaciation, and apathy. The 
greatest excretion of the acetone bodies was 2.74 gm. on a balanced diet. 
The lowest carbon dioxide-combining power of the blood was 60 vol. per 
cent. With a rapid increase in tolerance he was able to take 50 gm. of car- 
bohydrate without glycosuria. 

Case 7 — Mild diabetes. David L., age 27 years, hospital messenger,, 
was observed in the metabolism ward at intervals during the months of 


* Opportunity to study this patient was given through the kindness of 
Dr. Frederick M. Allen. 
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* The work adder is an instrument by which the activity of the patient is measured A very quiet patient raises the work 
adder less than 5 cm. and a very restless patient, more than 25 cm. 
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TABLE ni 

Excretion of the Acetone Bodies in Relation to the Calories Ingested, the Calories 
Oxidized, and the Fatty Acid-Glucose Ratio Calculated from the 
Calorimeter Data. 
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285 

949 

148 

1,382 

414 

891 

171 

1,474 

1.2 

0.81 


Morris G. 


I9SS 

Jan. 16 

162 

558 

20* 

740 

253 

618 

146 

1,017 

1.1 

0.81 

u 

18 


0 

0 


205 

563 

183 

951 

1.0 

0.84 

u 

19 

207 

558 

81* 

845 

wm 

635 

86 

1,026 

1.4 

0.72 

it 

22 

39 

837 

59 

935 

159 

656 

162 

978 

1.2 

0 81 

u 

25 

39 

837 

59 

935 

133 

799 

108 

1,040 

1.7 j 

0.86 
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TABLE lU-^ondxided. 



tm 

cal* 

cal 

cal. 

cal. 

cal 

cal. \ 

cal. 

cal 


gm. 

Jan. 

26 

0 

0 

0 

0 

216 

742 

66 

1,024 

1 8 

2.74 

a 

29 

0 

0 

0 

0 

107 

634 

160 

901 

1 2 

0 66 

tt 

30 

0 

0 

0 

0 

109 

584 

170 

862 

1.1 

0.34 

Feb. 

9 

108 

1,171 

167* 

1,436 

128 

701 

180 

1,009 

1.2 

0.62 

Mar. 

1 

0 

0 

0 

0 

139 

343 

389 

871 

0 4 

0.13 


David L. 


Feb. 2 

0 

0 

0 

0 

309 

738 

245 

l,291j 

1.0 

0 Of 

« 12 

0 

0 1 

0 

0 

65 

681 

503 

1,248 

0 5 

o.ot 

Jervis B. 

Mar. 14t 

0 

0 

0 

0 

132 

1,030 

259 

1,420; 

1 2 

7 96 

“ 16t 

0 

0 

0 

0 

149 

1,248 

14 

1,411 

3.6 

12.13 

“ 16t 

0 

0 

0 

0 

104 

1,212 

43 

1,359 

3 4 

9.14 

“ 19 

0 

0 

0 

0 

80 

1,119 

0 

1,198 

5 1 

2.24 


George H. 


Apr. 19 

0 

0 

0 

0 

128 

1,029 

104 

1,261 

2 0 

1.24 

‘‘ 20 

0 

0 

0 

0 

124 

902 

142 

1,168 

1 6 

0 80 


* After deducting the calories lost in the urine in the form of glucose, 
t Daily average for the week including the calorimeter observation. 
t The glucose of the urine was assumed to come from protein. The 
quantity of glucose appears in Table V. 


Feb. and Mar., 1923. Throughout the observations he received an ac- 
curately measured diet from the diet kitchen of the Presbyterian Hospital. 
He was very carefully studied by Ladd and Palmer (3).* The onset of 
symptoms late in the sunder of 1921 was acute, with a considerable degree 
of acidosis, but he improved rapidly under treatment. During the winter 
of 1922-1923 he continued to do well, and remained fit for his work as a 


* For the records of this case see Ladd and Palmer (3), Case XV, p. 5. 
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messenger. At the time of the calorimeter observations his greatest blood 
sugar was 171 mg. per 100 cc., and the lowest carbon dioxfde-combining 
power of the blood was 63 vol per cent With a diet of 50 of protein, 
243 gm. of fat, and 80 gm. of carbohydrate in 24 hours he had nO appreciable 
quantity either of glucose or of acetone in the urine 

Case 8 . — Severe diabetes. Jervis B , age 27 years, laborer, bom in Greece, 
was admitted to another ward of the Bellevue Hospital on Mar. 0, 1923. 
Symptoms of diabetes began a year previous. Physical examination on 
admission showed him to be extremely drowsy, with long and regular 
respirations, and acetone odor of the breath. The ferric chloride test of 
the urine was positive. The blood sugar on two occasions was over 400 mg. 
per 100 cc. The carbon dioxide-combmmg power of the blood was 30 vol. 
per cent on Mar. 12 By this time the patient was much improved and he 
was transferred to the metabolism ward On Mar. 15 the carbon dioxide 
of the blood had increased to 48 per cent. The acetone bodies of the blood, 
expressed in mg of acetone per 100 cc., 'were 54, 57, 61, and 41 on Mar 14, 
15, 16, and 19, respectively Other laboratory data are shown in the tables^ 
His clinical condition continued to improve w^hile he was in the ward. 

Case 9 — Moderate diabetes. George H , age 28 years, clerk, born in 
the United States, was admitted in the metabolism ward on Apr 17, 1923. 
The onset of diabetic symptoms was in Dec. 1922. Physical examination 
revealed nothing abnormal except evidence of loss of flesh. The maximum 
excretion of the acetone bodies on a high fat diet was 2 40 gm. The lowest 
carbon dioxide-combining power of the blood was 52 vol per cent. His 
blood sugar was 136, and again 143 mg per 100 cc. He developed a toler- 
ance for at least 30 gm. of carbohydrate 

Results of Experiments. 

The details of the calorimeter observations appear in Table 11. 

7. The Threshold of Ketosis in Relation to the Proportions of the 
Foodstuffs Oxidized. — Table III shows the excretion of the ace- 
tone bodies in relation to the oxidation of foodstuffs as deter- 
mined by the calorimeter. The food ingested is also shown, the 
carbohydrate being corrected by subtracting the calories lost in 
the urine in the form of glucose, allowing 3.7 calories per gram. 
Columns 2 to 5 inclusive relate to the diet, and Columns 6 to 10 
to, the calorimeter data. The length of the observations varied from 
2 to 5 hours, and appears in Table II. The acetone was deter- 
mined in 24 hour specimens of urine, although the results were 
similar if only the urine which was voided during the calorimeter 
period was taken, and the figures recalculated for 24 hours (Table 
VI). Ketosis is arbitrarily defined in this paper as the excretion 
in the urine in 24 hours of 1 gm. or more of acetone bodies ex- 
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pressed as acetone. The lowest fatty acid-glucose ratio at which 
ketosis occurred was 1.2 with Harold J. on Dec. 4, and the highest 
at which it failed to occur was 1.7 with Morris G. on Jan. 25. 
With few exceptions ratios above 1.5 were attended with ketosis, 
and ratios below it were not. The critical ratio at which it first 
occurred was, therefore, between 1.2 and 1.7, in other words not 
far from the value of 1.5, at which in theory 1 molecule of keto- 
acid is present for each molecule of glucose oxidized. 

In graphic form, as presented in Fig. 1, the data show a close 
parallelism between the ratio and the excretion of the acetone 
bodies. Frank B. shows a falling excretion at a ratio of 1.5. Ray 
H. passes the threshold of ketosis when the ratio is passing 1.5. 
Low ratios are in general associated with low excretions, and 
nee versa. 

These results agree well with unpublished data of the previous 
year in which the critical ratio at which ketosis first occurred was 
found to lie between 0.9 and 1.7. The criteria for ketosis were 
somewhat different in the earlier work, their presence being judged 
from a rising excretion, and their absence from the reverse. 

//. The Threshold of Ketosis in Relation to the Diet , — Diets in 
which the high content of fat would be' expected to produce keto- 
sis often failed to do so. The reason for the failure is that they 
were not oxidized in the same proportions in which they were 
ingested. These statements are based on a previous investigation 
(10) and also on the data of Tabh' III and Fig. 1. Included in 
these are three observations with the Newburgh type of diet, 
namely the last two on Morris G. and the last one, Feb. 9, on Ray 
H. The graph shows that in these instances, as well as most of 
the others, more fat was ingested than was oxidized. Similarly, 
on closer analysis by means of the formula of Woodyatt the pro- 
portion of fatty acid to glucose was usually found to be higher 
if calculated from the diet than if calculated from the calorimeter 
data, as may be seen from Table IV. Not infrequently it was 
twice as high. Since in our experiments the excretion of the 
acetone bodies was found to be related not to the diet, but only 
to the metabolic ratio,^ it is evident that the diet is not to be 
implicitly trusted as a basis for calculating the ketogenic balance. 

* We have used the term metabolic ratio to denote the fatty acid-glucose 
ratio calculated from the calorimeter data. 
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In this connection two points need emphasis: first, that the 
diets were for the most part about 1,000 calories a day, never 
exceeded 1,500, and seldom exceeded the basal metabolism; 
second, that by the time the patients received the diets they 
had already been treated by undernutrition in some form. 
With untreated patients or heavier diets the discrepancy might 
have been of different degree. 

III. The Influence of Fasting on Ketosis . — It has been a puzzle 
why fasting in dial)etes is attended with a fall in ketosis, whereas 


TABLE IV 

The Fatty Arid -Glucose Raho. 


Name 

Date 

Diet • 

Metabolized 

Frank B. 

im 

Apr 25 j 

1 3 

0 6 

Frank C. 

Nov. 28 

0 9 

0 7 


Dec 7 

0 8 

0 5 

Chris Q. 

15 

1 4 

1 2 

Morns G. 

im 

Jan, 16 

2 2 

1 1 


19 

1 5 

1 4 


22 

3 0 

1 2 


25 

2 7 

1 7 

Ray H. 

Feb. 9 

1 9 

1 2 


* Allowing for the calories lost m the urine in the form of glucose. 


in normal individuals it is attended with a rise. This paradox 
may be explained by the fatty acid-glucose ratio as calculated 
from the calorimeter data. As shown in Table III and Fig. 1, 
Frank B. in the course of 2 consecutive days of fasting showed a 
fall both in the metabolic ratio and in the excretion of acetone 
bodies. During the 2nd day both were reduced as compared 
to the level of the last day of diet, Apr. 19. There was a still 
further drop at the time of a subsequent fast. With Ray H. 
the ratio and the excretion fell simultaneously while he was fast- 
ing. Chris Q., on the other hand, had a decrease both in the 
ratio and in the elimination of ketones when he resumed his 
diet. Although his metabolism was probably influenced by the 
high fat diet which he received beforehand, nevertheless the ob- 
servation shows that fasting in diabetes is not necessarily attended 
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with less ketosis than is a diet. It may be inferred that fasting 
diabetic patients, like the others, pass the threshold of ketosis 
in either direction, in accordance with the proportions of the 
foodstuffs which they oxidize. 

IV. The Influence of Fasting on the Metabolism of Glucose . — 
The data of Table V and Fig. 2 show that with the progress of 
fasting the oxidation of the glucose derived from all sources, 
in other words, the of Woodyatt’s formula, underwent no 
significant increase. The gain in the oxidation of carbohydrate 
as such, which was observed with the first two patients, was offset 
by the loss in the oxidation of glucose derived from protein and 
the glycerol of the fat. These relations are shown also in Fig. 1. 
With all three of the patients there was a reduction of blood 
sugar and of urinary glucose. That this fall did not carry with 
it an increase in the oxidative power of the patient may seem 
paradoxical, but a simple explanation is available and will be 
discussed below. 

In contrast with their metabolism while fasting, the patients 
manifested a definite increase in their ability to oxidize glucose 
after they had resumed food. Ray H. on Mar. 1, oxidized a 
total of 118 gm., although the absence of glucose from the urine 
on this date implied that this was not the utmost of which he 
was capable. This amount compares favorably with the maxi- 
mum of 63 gm. which he oxidized during the fast. In like man- 
ner, Frank B. showed an improvement during the restricted 
diet which followed the fast, as shown by the oxidation of 151 gm. 
of glucose on Apr. 28 in contrast to a maximum of 85 gm. while 
fasting. 

A point which has received little attention in the study of the 
carbohydrate metabolism in the diabetic is that there are really 
two questions involved; first, how much glucose does he oxidize, 
and second, how much can he oxidize? It is with the second 
question that we are concerned here, for it is evident that even 
a normal individual can be starved until he oxidizes no carbo- 
hydrate whatever. When a diabetic excretes glucose it may be 
inferred that he is oxidizing all of this substance which he is able. 
This was the case while fasting with all three of the patients 
shown in Table V, except for Ray H. on the last day of the fast. 
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during the oxidation of protein as well as carbohydrate. To this we have added the glucose derived from the glycerol 
of the fat. 
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Curve 1 represents blood sugar, Curve 2, glucose in the urine in grams in 24 hours; Curve 3, carbohydrate, not including the 
glucose from protein and fat, calculated from the calorimeter data and expressed in grams per 24 hours; Curve 4, oxidation 
of glucose derived from all sources, including protein and the glycerol of the fat, calculated from the calorimeter data by 
means of the formula of Woodyatt, and expressed in grams per 24 hours. 

The arrows point to observations on patients without food. 
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TABLE VI. 

The Ketogenic Balance Calculated from the Calorimeter Data by Different 
Methods; Its Relation to the Excretion of Acetone Bodies. 




oij Is? 

liJ: 

ales of 
mole- 
ucose, 
(Shaf- 

V 

0 

00 ~ 

2g 

ll 

'§13 fl 

Date 

•S56 

Ratio of molec 
keto-acid to 
cules of g 
(Column 2 - 

Ratio of molec 
keto-acid to 
cules of gl 
from R Q 
fer) 

3 

o' 

1 

S 

Total acetone 
in 24 hr spe( 
as acetone 

Total acetone 
per 24 hrs in 
imeter specin 
acetone. 

a) 1 

(2) 

1 (3) 1 

1 1 

(5) 

1 1 

1 (7) 


Frank B 


lOU 

Apr. 19 

1 5 

1 0 

i 2 

0 75 

gm 

1 21 

“ 20 

1 6 

1 1 

1 2 

0 75 

0 54 

“ 21 

1 3 

0 9 

1 0 

0 76 

0 32 

“ 25 

0 6 

0 4 

0 3 

0 83 

0 35 

“ 26 

0 S 

0 5 

0 5 

0 80 

0 20 

“ 28 

0 5 

0 3 

0 3 

0 84 

0 10 


Frank C 


Nov. 21 
23 

“ 28 
Dec 1 

a 7 

0 8 

0 9 

0 7 

0 8 

0 5 

0 5 

0 6 

0 5 

0 5 

0 3 

0 5 

0 4 

0 5 

0 5 

0 3 

0 80 1 
0 81 

0 80 

0 80 

0 85 

0 49 

0 26 

0 27 

0 61 

0 22 

0 14 

0 15 

Harold J. 

Dec 1 

1 1 

0 7 

0 7 1 

0 78 

0 76 

0 20 

4 1 

1 2 

0 8 

0 8 

0 77 

1 01 

0 53 

Chris Q 

Dec. 14 

1 4 ! 

0 9 

1 0 

0 76 

2 07 

2 40 

‘‘ 15 

1 2 

0 8 

0 8 

0 77 

0 81 

1 07 


Morns G. 


im 

Jan. 16 

1 1 

0 7 

0 8 

0 77 

0 81 

0 8i 

“ 18 

1 0 

0 7 

0 7 

0 78 

0 84 

0 66 

“ 19 

1 4 

0 9 

1 0 

0 76 

0 72 

0 96 

22 

1 2 

0 8 

0 8 

0 77 

0 81 

0 81 

25 

1 7 

1 1 

1 2 

0 75 

0 86 

0 42 
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TABLE Vl~Concluded. 


1 

Katio of gm. of fatty 
acid to gm. of glu> 
cose (Woodyatt) 

Hatio of molecules of 
keto-acid to mole> 
cules of ^ucose 
(Column 2-^15) 

Batio of molecules of 
keto-€tcid to mole- 
cules of glucose, 
from R. Q. (Shaf- 
fer). 

Respiratory quotient 

ifs 

Vi 

5 S 

Total acetone bodies 
per 24 hrs. in calor- 
imeter specimen, as 
acetone. 

(1) 

1 (2) 1 

1 «) 1 

1 C4) 1 

1 1 

(6) 

1 (T) 


Ray H. 


im 

Jan. 26 

1 8 

1.2 

1.2 

0 75 

gm. 

2 74 

gm. 

1 28 

“ 29 

1 2 

0 8 

0 8 

0.77 

0 66 

0 22 

“ 30 

1 1 

0 7 

0 7 

0 78 

0 34 

0 20 

Feb. 9 

1 2 

0 8 

0 8 

0 77 

0 62 

0 45 

Mar. 1 

0 4 

0 3 

0 3 

0 85 

0 13 

0 13 


David L. 


Feb. 2 1 0 0 7 0 6 0 79 0 0* 0 21 

‘‘ 12 0 5 0 3 0 3 0 83 0 0* 0 05 


Jervis B. 


Mar. 14 

1 2 

0 8 

1 0 

0 76 

7.96 

9 51 

“ 15 

3 6 

2 4 

6 2 

0 71 

12 13 

12 5 

“ 16 

3 4 

2 3 

3 2 

0 72 

9 14 

8 10 

“ 19 

5 1 

3 4 

6 2 

0 71 

2 24 

2 57 


George H. 


Apr. 19 

2 0 

1 3 

1 6 

0 74 

1 24 

0.96 

“ 20 

1 6 

1 1 

1 2 

0 75 

0 80 

0.46 


* Daily average for the week including the calorimeter observation. 


The fall in the fatty acid-glucose ratio which accompanied 
fasting in the case of Frank B. and Ray H. was due not to an 
increase in the oxidation of glucose, but rather to a decrease in 
the fatty acid. It will be seen from Table V, Columns 4 and 3, 
that the glucose remained practically constant, whereas the 
fatty acid dropped sharply. The reduction of ketosis was brought 
about in these cases by a reduction in the total metabolism with- 
out evidence of an increase in the power of the patient to oxidize 
glucose. 
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TABLE VII. 

Effect of the Ingestion of Food on the Respiratory Quotient tn Diabetes, 


Date. 

Time elapsed between 
meal and beginning 

Hour. 


of observation. 



Frank C. 


19tS 

mxn. 



Nov. 21 

Fasting. 

I 

0 80 


« 

11 

0.80 

Nov. 28 

47 

1 

0.83 



11 

0.83 



111 

0.75 

Dec. 5 

Fasting 

T 

0 78 


« 

11 

0.82 

Dec. 7 

26 

1 

0 84 



11 

0 84 



111 

0 89 



IV 

0 83 


Chris Q. 


Dec. 14 

Fasting 

1 

0.76 


(( 

11 

0 76 

Dec. 15 

32 

1 

0 73 



11 

0 78 



111 

0.79 

Morris G. 

ms 




Jan. 16 

47 

1 

0 76 



11 

0 79 

Jan. 18 

Fasting. 

1 

0.77 


u 

11 

0 80 

Jan. 19 

36 

I 

0 71 



11 

0 78 



III 

0 79 

Jan. 22 

38 

I 

0.73 



II 

0.77 



III 

0.81 
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TABLE Vll-^oncluded, 


Date. 

Time elapsed between 
meal and beginning 
of observation. 

Hour 

1 b.q 

Morris G. — Concluded. 

1923 

min. 



Jan. 25* 

34 

I 

0 75 



II 

0 79 



III 

0 73 


54 

IV 

0 74 



V 

0 76 

Ray H. 

Jan. 30 

Fasting 

1 

0 82 


iC 

II 

0 76 


« 

III 

0.76 

Feb. 9t 

41 

I 

0 77 



II 

0 80 



III 

0 80 


56 

IV 

0 73 



! V 

0 77 

Mar. 8t 

40 

1 

0 86 



11 

0 83 



III 

0 88 


David L. 


Feb. 27§ 

Basal. 

I 

0 82 



II 

0 76' 


45 

111 

0 79 



IV 

0 78 


* The subject took another meal C mm after the beginning of the 3rd 
hour. 

, t The subject took another meal 4 min. after the beginning of the 3rd 
hour. 

t Non-caloric ‘^rneal.^^ 

§ The subject took his first meal 16 min after the beginning of the 2nd 
hour. 

F. Comparison of Shaffer^s and WoodyaWs Methods of Calcu- 
lating the Ketogenic Balance, — Shaffer (4, c) has published a table 
by which the ketogenic antiketogenic ratio may be read off 
directly from the respiratory quotient. Since his work and that of 
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Woodyatt (5, a) are based on identical principles, both methods 
should yield the same results if applied to the data of a respira- 
tory observation, provided, of course, that both ratios are ex- 
pressed in the molecular form. Dividing the Woodyatt fatty 
acid-glucose ratio by 1.5 we have obtained molecular ratios 
which correspond very closely to those obtained by means of 
Shaffer's table, as is apparent from inspection of Columns 3 and 
4 in Table VI. The one method is based in part on the nitrogen 
of the urine, the other is not. This means that in the determin- 
ation of the ketogenic balance by means of the calorimeter the 
metabolism of protein needs to be taken into account only in so 
far as it affects the total respiratory quotient. It follows that 
irregularities in the excretion of nitrogen could have had no 
influence on the final results. 

VI. Changes in the Respiratory Quotient Following the luges’- 
tion of Food. — Table VII demonstrates that with many patients 
the ingestion of food causes a marked depression of the respira- 
tory quotient in the 1st hour of the observation, followed by a 
progressive rise in the succeeding periods. This change had no 
apparent relation with the composition of the diets, which may 
be found in Table II under ^^Remarks." The one thing which 
they had in common was an adequate quantity of fat and at 
least minimal amounts of protein and carbohydrate. The fall 
of the quotient was observed in four out of five patients. The 
constancy of the findings when the experiment was repeated, 
as well as the smoothness of the change, precludes the idea that 
it was accidental. Its effect upon the interpretation of the 
quotient in terms of the protein, fat, and carbohydrate oxidized 
in the successive hours is shown in Fig. 1 by Morris G. on Jan. 25. 
He received food before he entered the calorimeter and at the 
beginning of the 3rd hour inside it. Each time the food caused 
a sharp drop, real or apparent, in the quantity of carbohydrate 
oxidized. 


DISCUSSION. 

Technique. — The depression in the respiratory quotient often 
observed with diabetic patients following the ingestion of food 
has been taken into account in the foregoing work. It was for 
this reason that the observations were begun as soon as possible 
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after the last meal, and continued for 3 hours, and that on two 
occasions a second meal was given while the patient was in the 
calorimeter, and the observation continued for 5 hours. It 
may be pointed out, moreover, that enough experiments are 
available with patients tmder basal and fasting conditions to 
establish, independently of the diet, the level of the fatty acid- 
glucose ratio at which ketosis first occurs. 

As in the previous paper (10) the results are strictly applicable 
only to patients at rest. If during exertion there is a change in 
the proportions of foodstuffs oxidized, without a corresponding 
change in ketosis, the results would be modified. Data bearing 
on this point are to be published from this laboratory later. 

Factors Affecting the Respiratory Quotient . — The respiratory 
quotient is ordinarily assumed to measure accurately the oxida- 
tion of foodstuffs within the body. This may not be the case 
in severe ketosis. Except in the case of Jervis B., to be discussed 
later, the maximum excretion of acetone bodies on the days of 
the calorimeter observations was less than 3 gm., an amount 
quite insufficient to affect the respiratory quotient. 

Other factors disturbing the respiratory quotient are conceiv- 
able. Thus, the conversion of carbohydrate into fat in the normal 
individual is known to be associated with a rise of quotient with- 
out necessarily any change in the proportion of carbohydrate 
oxidized. Joslin (9) has suggested this explanation for the high 
quotients observed by him in certain types of diabetes. Indeed, 
it is difficult to explain on any other basis the quotients of 1 or 
over which he observed following the ingestion of levulose. It 
does not follow, however, that the same explanation applies to 
patients under more normal dietary conditions. Particularly 
difficult is its application to the postabsorptive state, during 
which very much less carbohydrate is available for conversion 
into fat. With these patients another explanation for the high 
quotient is possible. They have an extremely low weight and 
metabolism compared to what would be expected of their age 
and height. The high quotient may be the result of the low 
metabolism, for it is evident that the oxidation of a given quan- 
tity of carbohydrate bears a greater proportion to the total 
than it wo\ild with a normal metabolism, and the respiratory 
quotient is correspondingly increased. For instance, Ben J., 
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data concerning whom appear in a previous publication (10), 
had a maximum fasting quotient of 0.87. His weight was 34 
per cent below the normal standard, and his metabolism 54 per 
cent below the level that would be expected of his age and height. 
He was little more than skin and bones, and at autopsy almost 
no fat could be found. His low metabolism and the absence of 
body fat are sufficient explanation why the oxidation of even a 
moderate amount of carbohydrate sufficed to produce a high 
quotient. • 

Krogh and Lindhard (11) have postulated a conversion of fat 
into carbohydrate to explain the diminished muscular efficiency 
which they observed with normal subjects who were oxidizing 
a large proportion of fat. This conversion would, however, be 
without effect on the respiratory quotient, provided that the 
material concerned were oxidized after its conversion. The net 
effect on the respiratory quotient would be the same at the end 
of complete oxidation whatever the path by which it proceeds. 

The presence or absence t)f factors disturbing the respiratory 
quotient can be proved only by means of an independent method 
for measuring the oxidation of carbohydrate, a method as yet 
lacking. Oxidation of glucose is roughly indicated by lack of 
ketosis. High quotients indicating abundant oxidation of glu- 
cose, combined with ketosis indicating deficient oxidation, would 
point to a defect in the respiratory quotient as a measure of 
combustion. The analyses of Woodyatt and Shaffer on the 
basis of the respiratory data give opportunity to apply this same 
principle more accurately. If the fatty acid-glucose ratio is 
found in several patients consistently parallel with the excretion 
of the acetone bodies, and widely divergent in others, the diver- 
gence might point to a defect in the respiratory quotient as a 
measure of combustion. In none of our observations, except 
with the cases of very severe ketosis, to be discussed below, was 
such a deviation noted. Our evidence indicates that the respira- 
tory quotient in periods of from 2 to 5 hours is a true measure 
of oxidative processes within the body. 

The above analysis assumes that glucose requires oxidation 
in order to prevent ketosis. , It might conceivably do so, even 
without oxidation, during its conversion into fat. Against this 
possibility is the evidence that in vitro it requires preliminary 
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treatment with alkali before it can promote the oxidation of 
acetoacetic acid (4, a). Moreover, in diabetes t^e glucose which 
is excreted unoxidized does not serve in its passifcge through the 
body to prevent ketosis. As judged by present 4aiowledge an 
antiketogenic action of glucose during its conversion into fat is 
possible, but improbable. 

Discussion of Results . — The ill effects of the unrestricted con- 
sumption of fat by diabetic patients in the early days led to 
exaggerated fear of its use. A great service has been performed 
by Shaffer, by Woodyatt, and by others, in taking the mystery 
out of the ketogenic action of fat, and defining the limits within 
which it can be used with safety. This paper describes the 
application of their methods to additional data obtained in the 
study of the respiratory exchange in diabetes. It was demon- 
strated with the calorimeter that under a wide variety of dietary 
conditions diabetic patients do or do not have ketosis in accord- 
ance with the proportions in which they oxidize foodstuffs. 
As analyzed by the formula of Woodyatt, the proportion at 
which ketosis occurred corresponded to a fatty acid-glucose ratio 
of 1.5, which in theory indicates the oxidation of 1 molecule of 
keto-acid for every molecule of glucose. The reason why diets 
with a calculated ratio much higher than this failed to produce 
ketosis was that the foodstuffs ingested were not oxidized in the 
same propbrtions as given. As compared to the diet the oxida- 
tion of fat, which is the main source of fatty acid, was decreased, 
and the oxidation of carbohydrate, which is the main source of 
glucose, was increased. It is not surprising, therefore, that the 
ratio as calculated from the diet was too high, often twice too high. 
The extent of the ketosis we have found dependent on the food 
oxidized, and not on the diet. This may be an explanation why 
Newburgh and Marsh (12) observed not an increase, but a di- 
minution of ketosis on giving to patients their high fat diets. 
Safety in the use of this regime depends on the ability of the 
patient to contribute carbohydrate withdrawn from his own 
tissues, and to store fat. Since these factors cannot be estimated 
without the determination of the respiratory quotient, it is 
evident that close observation of the patient is required. 

Caution in interpreting our results as favorable to the New- 
burgh regime is also demanded for the reason that we did not 
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use a diet exceeding 1,500 calories in 24 hours, nor did we study 
its effect on patients not previously treated. Clinical experience 
makes it seem to us improbable that had we done so similar results 
would have been obtained. 

In this paper no attempt has been made to account for the 
actual number of grams or ketones excreted. Attention has been 
focussed on the ketogenic balance at the threshold of ketosis. 
The results agree closely with those obtained by Shaffer (4, 6), 
Woodyatt (5), and McCann, Hannon, Perlzweig, and Tompkins 
(6) ; namely, that the ratio the threshold of ketosis corresponds 
to the presence during oxidation of 1 molecule of keto-acid to 
1 of glucose. Why, then, did Ladd and Palmer (3), Wilder, 
Boothby, and Beeler (8), and Wilder and Winter (7) find under 
like circumstances a ratio of more than 1 molecule of keto-acid 
to 1 of glucose? With some of the patients reported the disagree- 
ment may be explained by the choice of a different criterion for 
the threshold of ketosis. It is not surprising that relatively 
more ketogenic substances should be required to produce a high 
grade of ketonuria, than is required for a minimal one. Yet this 
explanation does not account for the entire difference. In an 
earlier paper (10) there has been pointed out the wide divergence 
which may exist between the diet and the foodstuffs metabolized, 
owing to the faculty of the organism for storage of food, and this 
may have affected the results obtained by Wilder and Winter. 
With the work of Ladd and Palmer, however, this criticism loses 
much of its force. At least one of their patients was kept on 
the same diet for periods of 2 to 4 weeks, during which he re- 
mained in equilibrium both as to nitrogen and body weight. 
Under these conditions the foodstuffs metabolized must have 
corresponded accurately to the diet, unless it be assumed that 
there was a replacement of glycogen by fat or vice versa during 
the entire period. A more probable reason than this for the 
difference in results is the factor of muscular exertion. Our 
patients were at absolute rest in bed. Ladd and Palmer’s patient 
was employed as a messenger at the Presbyterian Hospital dur- 
ing the entire period of their observations. His daily heat produc- 
tion may be judged by the fact that he maintained a constant 
weight for over a year on a diet of 2,700 calories a day. Even 
allowing for the specific dynamic action of meals, nearly half of 
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his caloric output must be ascribed to muscular exertion, a factor 
which may conceivably exert a marked influence ^n the keto- 
genic balance.® ^ 

Two curves obtained with fasting diabetic patients showed 
a decrease with the progress of the fast both in the fatty acid- 
glucose ratio and the excretion of the acetone bodies. This 
correspondence has also been found during the past 2 years in 
observations which have included numerous cases of fasting. 
It was usually, but not necessarily, the case that ketosis dimin- 
ished with fasting. Occasionally it djd so with resumption of the 
food. This occurred with Chris Q. The evidence is that diabetic 
patients, fasting or otherwise, pass the threshold of ketosis in either 
direction in accordance with the proportions of the foodstuffs 
which they oxidize. 

With very severe diabetes the above statements need qualifi- 
cation. Two such have been observed in this laboratory dur- 
ing the course of a prolonged fast; namely, Jervis B. (Table III) 
and Gerald S. (13). Except for one observation with each of 
these patients ketosis and a high ratio were both present at the 
same time, but they were not parallel. The fall of ketosis which 
was noted with the progress of the fast was not, however, associ- 
ated with a corresponding change in the ratio. In other words, 
the calorimeter data failed to account for the improvement. 

This failure may be only an apparent one, due to the difficulty 
in interpreting the respiratory quotient in presence of severe 
ketosis. The quotient is influenced on the one hand by acidosis, 
and on the other by the incomplete oxidation of protein and fat. 
Although these two factors work in opposite directions the net 
effect cannot be estimated with accuracy. This has been dis- 
cussed by Lusk (14) and by Allen and Du Bois (13). In view of 
these difficulties, no inference is justified from the cases of Jervis 
B. and Gerald S. e'xcept that the output of ketones was 'very 
large* and the oxidation of carbohydrate slight or absent. 

Turning to the effect of fasting on the metabolism of glucose 
no evidence was found during the fast of an increase in the ability 

® Another explanation for the divergence of opinion on this subject has 
been given by Shaffer (4,c page 433), according to whom ketosjs may result 
from a local surplus of ketogenic molecules, even in the absence of a surplus 
in the body as a whole. 
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of the patient to oxidize glucose provided that that protein and 
the glycerol of the fat were taken into account as sources of this 
substance. Yet the blood sugar fell rapidly even to the point 
at which glycosuria ceased. The explanation for this apparent 
contradiction is very simple. The glucose which was oxidized 
could come only from the body of the patient, and sooner or later 
its source must become depleted, just as the fuel in a lamp is 
used up as the flame burns. In other words, blood loses in sugar 
content simply because it is starved. According to this ex- 
planation the well known efficiency of fasting in rendering patients 
^ 'sugar-free ’’ consists in depletion of the endogenous sources of 
carbohydrate. 

Since the oxidation of glucose did not change materially with 
the progress of fasting, the decrease in the fatty acid-glucose ratio 
was due chiefly to a fall in the fatty acid factor. In other words 
the metabolism of ketogenic substances (fat and protein) dimin- 
ished as a natural result of the decreased total metabolism. 

These conclusions as to the immediate effect of fasting are in 
harmony with those reached by Shaffer (4) in his third and 
fourth articles on antiketogenesis. 

In contrast to the period of fasting, the subsequent period of 
restricted diet was accompanied in two of the patients with a 
very marked increase in the power to oxidize glucose. The 
question is, whether this might not also have taken place, had 
no fast been instituted. We have no data on this point. In 
justice it must be said, however, that without fasting many 
patients might fail to survive the ketosis long enough to enjoy 
the benefits of a restricted* diet. 

In spite of accumulating observations on the fall of the respira- 
tory quotient after the ingestion of food in diabetes nothing defi- 
nite is known as to its cause. McCann and Hannon (15) called 
attention to its occurrence after the ingestion of glucose or of 
glycerol. That it follows the ingestion of glucose has been noted 
in this laboratory in the case of Chas. S., reported in a previous 
paper (10). With levulose, Joslin (9) usually found an abrupt rise, 
but in 11 out of 58 experiments the rise was absent, and instead, a 
fall was noted from the end of the 3rd hour on. Wilder, Booth- 
by, and Beeler (8) observed it after a mixed meal, especially one 
rich in protein and poor in carbohydrate. We have found the 
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depression to occur alike with the Newburgh type of diet and a 
balanced diet in which the three food elements we^e present in 
about equal weights. One-twelfth of the 24 houif allowance 
of food suflSiced to cause a sharp drop. In one experiment in 
which a non-caloric ^'mear^ was given, consisting of thrice cooked 
vegetables and seasoning, no depression occurred, although the 
patient had previously reacted to the ingestion of food with an 
unmistakable fall. Either this meal failed to stimulate the gastric 
secretion of HCl or else the excretion failed to affect the respi- 
ratory quotient. Curiously enough, Joslin (9) found no de- 
pression either after his one experiment with glucose, or with his 
numerous observations on protein-fat diets, oatmeal, or mixed 
diets. That the phenomenon is not confined to diabetics is 
shown by the tables of Benedict and Carpenter (16) which show 
that three out of four normal individuals reacted to glucose in 
the first 20 minutes by a fall in the quotient amounting to from 

0.02 to 0.03. That the occurrence may be related to the ^^alkaline 
tide’^ is suggested by the work of Dodds (17) who found in normal 
individuals, after eating, a retention of CO 2 which he thought due 
to the excretion of HCl by *the stomach. 

SUMMARY AND CONCLUSIONS. 

1. The fatty acid-glucose ratio, calculated from the data ob- 
tained with the respiration calorimeter, was parallel with the 
excretion of the acetone bodies. The threshold of ketosis was 
found near a ratio of 1.5 to 1. This ratio corresponds theoreti- 
cally to the presence, during oxidation, of 1 molecule of keto-acid 
for every molecule of glucose. 

2. This parallelism is evidence that the respiratory quotient 
in diabetes is a true measure of oxidation. 

3. Diabetic patients were often able to take, without under- 
going ketosis, diets containing a larger proportion of ketogenic 
substances than is called for by the ratio of 1 molecule of keto- 
acid to 1 of glucose. This was because the proportions of food- 
stuffs oxidized were not the same as those ingested. 

4. The fall of ketosis observed in diabetic patients as a result 
of fasting is accounted for by the simultaneous drop in the fatty 
acid-glucose ratio calculated from the calorimeter data. It was 
due primarily to a decrease in the total metabolism with a con- 
sequent diminution in the metabolism of fat and protein. 
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5. At the time of fasting there was little or no increase in the 
total quantity of glucose oxidized, when this was computed as 
being derived from protein and the glycerol of the fat, as well as 
from the carbohydrate, undergoing metabolism during the period. 
Fasting reduces the blood sugar chiefly by depleting the en- 
dogenous sources of glucose. There is often an increase in the 
oxidation of glucose during the subsequent period of restricted 
diet, but this is not necessarily due to the fast. 
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vitamin (Steenbock, 
Hart, Jones, and 
Black) 59 

Equilibrium in milking 
cows (Hart, Steen- 
bock, Hoppert, and 
Humphrey) 43 

Growth, relation to 
(Bethke, Steenbock, 
and Nelson) 71 

Poisoning, effect on carbo- 
hydrate tolerance (Bo- 
dansky) 515 

Plasma : 

Carbon dioxide, relation- 
ship to the carbon 
dioxide of blood (Peters, 
Bulger, and Eisenman) 
773 


Precipitates : 

Rhythmic banding (Liese- 
gang^s rings) (Mc- 
Guigan and Brough) 

415 I 


Pregnancy: 

Blood in, content of in- 
organic salts in (Under- 
hill and Dimick) 

133 


Prolamine : 

Isolation and elementary 
analyses (Jones and 
Gersdorff) 

117 


Protein (s) : 

Bile, protein matter 
(Logan) 17 

Blood and other body 
fluids in Bright^s disease 
and in heart failure, ob- 
servations on the in- 
organic bases and phos- 


Protein(s) — continued: 

phates in relation to 
(Salvesen and Linder) 

617 

Calcium and, of serum, 
relation between, in 
tetany due to parathy- 
roidectomy (Salvesen 
and Linder) 

635 

Hydrolytic products, new 
sulfur-containing amino- 
acid isolated from 
(Mueller) 373 

Milk, from the standpoint 
of reproduction, nutri- 
tive value (Sure) 

681 

Relations, supplementary, 
among (Mitchell) 

923 

Value, biological, at dif- 
ferent levels of intake 
(Mitchell) 905 

— , — , method of deter- 
mining (Mitchell) 

873 

Wheat bran (Jones and 
Gersdorff) 

117 

Z-Pjrrrolidone carboxylic acid: 

Metabolism (Bethke and 
Steenbock) 105 

Stability to acids and 
alkalies (Bethke and 
Steenbock) 105 


Rachitis: 

Calciimi deposition in the 
bones of rachitic rats, 
effect of hematoporphy- 
rin on (van Leersum) 
835 
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Renal integrity: 

Sugar excretion, relation 
of, to (Underhill and 
Widens) 153 

Reproduction: 

Dietary requirements for 
(Sure) 681, 693 

Milk proteins, nutritive 
value from the stand- 
point of reproduction 
(Sure) 681 

Vitamin, specific, for 
(Sure) 693 

Respiratory exchange : 

Diabetes (Richardson and 
Ladd) 931 

Rutin: 

Elder, flowers, isolation 
and identification of 
rutin from (Sando 
and Lloyd) 737 


Salt(s) : 

Inorganic, content, in 
blood in pregnancy 
(Underhill and Dimick) 
133 

— , metabolism (Under- 
hill and Dimick) 

133 

(Underhill and Gross) 
141 

— , — , in cocaine poisoning 
(Underhill and Gross) 
141 

Metallic, absorption by 
fish in their natural 
habitat (Thomas) 

671 

Sambucus canadensis L. 

Rutin from the flowers, 
isolation and identifica- 
tion (Sando and Lloyd) 
737 


Serum: 

Calcium and protein of,, 
relation between, in 
tetany due ^o parathy- 
roidectomy (Salvesen 
and Linder) 

635 


Sodium: 

Hippurate, effect of injec- 
tions on excretion of acid 
and ammonia by the 
kidney (Hendrix and 
Sanders) 503 

Phosphates, effect of injec- 
tions on excretion of acid 
and ammonia by the 
kidney (Hendrix and 
Sanders) 503 

Specific gravity: 

Larval activity and met- 
amorphosis, changes 
with (Bishop) 

543 


Sugar: 

Blood, content, influence of 
hydrazine on (Under- 
hill and Karelitz) 

147 

— , determination, Folin 
and Wu (Rothberg and 
Evans) 435 

— , method, modified Folin 
and Wu (Rothberg and 
Evans) 443 

Excretion, relation to renal 
integrity (Underhill 
and Widens) 153 

Molecular configuration in 
(Speakman) 395 

Sulfur: 

Excretion after ingestion 
(Mueller) 373 


T 

Teeth: 

Diet, influence of, on 
(Toverud) 583 
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Tetany: 

Parathyroidectomy, tet- 
any due to, relation 
between calciiun and 
protein of serum in 
(Salvesen and Linder) 
635 


Tissues: 

Chlorides in, determina- 
tion (Van Slyke) 

523 


U 

Urine: 

Bile acids in, estimation 
(Schmidt and Merrill) 
601 

Excretion, urinary, of 
organic acid and its 
variation with diet 
(McLaughlin and 
Blunt) 267 


V 


Vemine: 

Caffeine in the coffee tree, 
relation to the origin of 
(Camargo) 831 

Green leaves and berries 
of the coffee tree, pres- 
ence in (Camargo) 

831 


Vitamin: 

Antirachitic, specific, in- 
organic phosphorus and 
calcium of blood used as 
criteria in the demon- 


Vitamin — continued: 

stration of the existence 
(Stebnbock, Hart, 
Jones, and Black) 

59 

— , stability to saponificar 
tion (Steenbock, Jones, 
and Hart) 383 

Fat-soluble (Steenbock, 
Hart, Jones, and 
Black) 59 

— (Bethkb, Steenbock, 
and Nelson) 71 

(SiEENBocK, Jones, and 
Hart) 383 

Intake, varying, composi- 
tion of blood and bone 
with (Bethke, Steen- 
bock, and Nelson) 71 
Specific, for reproduction 
(Sure) 693 

Vitamin B: 

Liver, content of, effect of 
diet on (Osborne and 
Mendel) 363 

W 


Water: 

Irrigation, influence on 
composition of grains 
and the relationship to 
nutrition (Greaves and 
Carter) 531 

Wheat: 

Bran, proteins (Jones 
and Gersdorff) 

117 





